GISAP: 

TECHNICAL SCIENCES, CONSTRUCTION AND ARCHITECTURE 


International Academy of Science and Higher Education 


London, United Kingdom 
Global International Scientific Analytical Project 


Nu4 Liberal'* | December 2014 






GISAP 

TECHNICAL SCIENCES, CONSTRUCTION AND ARCHITECTURE 


Expert board: 

Murat Adambaev (Kazakhstan), Patrick Laviron (Luxembourg), Rasmus Skaarberg (Norway), 
Maciej Zmievski (Poland), Elena Artamonova, Galina Pimenova, Michail Treschalin (Russia), 
Michael Gorbiychuk, Petro Lezhnyuk (Ukraine), Adam Blake (USA), Naqibullo Babayev (Uzbekistan) 


GISAP: Technical Sciences, Construction and Architecture JV»4 Liberal* (December, 2014) 

Chief Editor - J.D., Prof., Acad. V.V. Pavlov 
Copyright © 2014 IASHE 

ISSN 2054-1155 
ISSN 2054-1163 (Online) 

Design: Yury Skoblikov, Helena Grigorieva, Alexander Standichenko 

Published and printed by the International Academy of Science and Higher Education (IASHE) 

1 Kings Avenue, London, N21 1PQ, United Kingdom 

Phone: +442032899949, e-mail: office@gisap.eu, web: http://gisap.eu 

| No part of this magazine, including text, illustrations or any other elements may be used or reproduced in any way without the 
• permission of the publisher or/and the author of the appropriate article 

Print journal circulation: 1000 

“*Liberal - the issue belongs to the initial stage of the journal foundation, based on scientifically reasonable but quite liberal editorial policy of 
selection of materials. The next stage of the development of the journal (“Professional”) involves strict professional reviewing and admission of 
purely high-quality original scientific studies of authors from around the world” 


GISAP 

TECHNICAL SCIENCES, CONSTRUCTION AND ARCHITECTURE 


“Hypothetics: everlasting stories” 


Bei Yuming sometimes called by people Ieoh Ming Pei (or using other forms of English version of the Chinese name) 
has almost never left the corridors of the Louvre during the last month. During this time he has studied over 1 60 000 
square meters of the world famous museum in great detail and visited its most secret corners. His orientation in the 
exposure was perfect and it seemed like he was able to guide even the most discerning visitors through the ancient 
palace. However, oddly enough, the museum habitue wasn’t preparing for a guide career. Just like many other admir- 
ers of art and history, he was trying to find his own inspiration among the superb masterpieces and values. 

However, those whimsical muses, whose favor was so eagerly haunted by Ieoh Ming Pei, were expected to open the 
way to the creation of the work pierced with the Louvre’s spirit. He was about to create an exquisite architectural 
object not only supposed to become the main entrance to the biggest world museum, but also to crown a historical 
axis of Paris and to become one of the brightest sights. 

One day in September 1984 the architect wasn’t still sure about the prototype of the future structure associated with 
such significant public expectations. Muses were not sleeping, but were not hurrying to give his creative torments the 
final form. As usual, he went to the Louvre, but this time he decided to walk along the way and visit significant objects 
of the “Triumphal Way” of the Trench capital. Heading to the equestrian statue of Louis XIV, Ieoh Ming Pei visited 
the Champs-Elysees and the Arc de Triomphe on the Place du Carrousel. He entered the museum just by the closing. 

Passing through the darkened and already free from visitors hall of fine arts of the Renaissance Ieoh Ming Pei stopped 
in front of “Mona Lisa” by Leonardo da Vinci and thought aloud: 

- How can such magnificence be supplemented or decorated? The main problem is not to spoil the rapturous impres- 
sion of the masterpieces by of the earthiness of my ideas! 

- Allow me to advise... - a quiet voice came from the shaded interior of the hall. Then an elderly museum worker ap- 
proached the picture. - 1 have been working at the Louvre for over thirty years now: I used to be a guide and the arts 
critic and now I am a custodian. I’ve been seeing you here almost every day for a long time. I think that confusion 
does not allow you to discover the thing you are looking for... 

- You think so? - Architect asked perplexedly looking at the unexpected companion. 

- Do not be afraid of the great ones. Do not be afraid to imitate them, - said the mysterious advisor with the mentoring 
voice. - You are talented. You have created many large-scale projects and therefore you have the right to think freely 
and independently. 

- Well, thank you! But all this is not quite easy... - Ieoh Ming Pei answered with a tired smile. - Louvre is absolutely 
incredible, special case! 

- You have seen everything here, - once again said the woman prophetically, - traces of history have very strange 
forms and comprehensive contents. Therefore, we need something else to provide them with a decent framing. That’s 
what I think. Something that creates contrast will strongly emphasize the individuality of every relic, every master- 
piece and will represent a flow of time... Excuse me - this is my opinion. I hope it doesn’t irritate you. 

- Not at all! - The architect smiled to the old woman again. - 1 am very grateful for your attention to my person and 
your wisdom. 

- Thank you also! - Nodded the museum custodian and looked at her watch squinting. - Any way, it’s late and I have 
to go home. I wish you good luck and success... 

At the grand opening of the glass Pyramide du Louvre on the Cour Napoleon in 1989 not everyone present fully ap- 
preciated the conceptual idea introduced by Ieoh Ming Pei, which would eventually receive the worldwide recogni- 
tion. And the architect himself staring at his work shimmering in the sun was sincerely sorry that hasn’t been able to 
find and invite his gray-haired wise muse to the opening of the pyramid. 

Thomas Morgan 

Head of the I ASHE International Projects Department 
^--/7 December 15, 2014 
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OF MECHANICAL PROCESSING 
OF STRUCTURALLY COMPLEX 
COMPONENTS BY TOOLS MADE OF 
EXTRA-HARD MATERIALS 

E. Kudryashov, Doctor of Technical sciences, Full Professor 
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This article contains the results of research devoted to the 
determination of efficiency of tools made of super-hard materials in the 
processing of structurally complex engineering components. 
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nOBtmiEHHE 3®<FEKTHBH0CTH 
nPOIIECCOB MEXAHHHECKOH OEPAEOTKH 
KOHCTPYKTHBHO CJIOJKHEIX ^ETAJIEH 
HHCTPYMEHTAMH H3 CBEPXTBEPJtEIX 
MATEPHAJIOB 

Ky/jpjmiOB E.A., fl-p TexH. HayK, npotji. 
naBjioB E.B., KaH/c TexH. HayK, /joiieHT 
ilijyH E.H., KaHfl. TexH. HayK, ^oifeHT 
K3ro-3anaAHBiH ro eyzjapcTBeHHBiH yHHBepCHTeT, Pocchu 


B a,aHHon CTaTte coa,ep^caTca pe3yjn>TaTti HayuHO-nccjie/tOBaTejiB- 
CKofi pa6oTti no onpejjejieHHio pa6oTOcnoco6HOCTH HHCTpyMeHTOB H3 
CBepxTBep/jBix MaTepnanoB npn o6pa6oTKe KOHCTpyKTHBHO cjiommix 
AeTaaen ManiHHOCTponTejiBHoro Ha3HaueHnn 

KjiioueBbie cjiOBa: TexHonornnecKHn npouecc, ToneHne, pe3eu, 
KOMno3HT, o6pa6aTBiBaeMaa noBepxHOCTB, KauecTBO, tohhoctb, 3(J)- 
(JieKTHBHOCTB. 

Y nacTHHKH ko u (J) ep e u u h h , HaiiHOnajibHoro nepBeHCTBa no HaynHon 
aHajiHTHKe, OTEpuiToro EBponeiicKO-A3HaTCKoro nepBeHCTBa no HaynHoii 
aHajiHTHKe 


B pa3JIHHHBIX OTpaCJI^X npOMBIHIJieH- 
HOCTH JJOCTaTOHHO HIHpOKOe npH- 
MeHeHHe Haxcyprr ^eTanH c kom6hhhpo- 
BaHHBIMH IIOBepXHO CTflMH, COCTOimjHe 
H3 pa3HOpO^HBIX KOHCTpyKIfHOHHBIX 
MaTepnanoB, y kotopbix ochobhbim 3Jie- 
MeHTOM KOHCTpyKHHH RBJDieTCfl MCTaJI- 
jiHuecKafl ocHOBa, o6pa3yK>man c miacT- 
MaccoBBiM HanonHHTejieM Hepa3BeMHoe 
coe^HHeHue. 

B H3roTOBjieHHH no^odHBix ^eTajien 
rnaBHOH TexHOnornuecKOH npodneMOH 
nBjineTcn HHCTpyMeHTanBHoe odeene- 
ueHHe h BBidop enoeoda odpadoTKH 

AJI5I BOCnpOH3BO£CTBa 3a#aHHBIX TOH- 

hocthbix h KauecTBeHHBix noKa3arejieH. 
Tpa^HIfHOHHBIMH HHCTpyMeHTaJIBHBIMH 

MaTepHanaMH KOMduHnpoBaHHBie no- 

BepXHOCTH HpaKTHHeCKH He nOA^aiOTCR 
odpadoTKe, no3TOMy TpedyiOTCn jjonoji- 
HHTenBHBie pememui, bhjiotb #o BHece- 
HHH H3MCHCHHH B KOHCTpyKIfHK) /JCTaJIH. 

Kax CBH^eTejiBCTByioT pe3yjiBTaTBi 

HCcne^OBaHHa h npOMBinuieHHBiH onBiT, 
B03M05KH0CTH HHTCHCH(j)HKaifHH pe- 
5KHMOB pe3aHH« ^CTaJICH nOBBIHieHHOH 
KOHCTpyKTHBHOH CJI05KH0CTH Tpa^HIfH- 
OHHBIMH HHCTpyMeHTaJIBHBIMH MaTCpH- 
ajiaMH npaKTHuecKH HCHepnaHBi. B Ha- 
CTOnmee BpeMH Hccjie,n,OBaHHii b ochob- 
hom HanpaBjieHBi Ha CHH^ceHHe pacxo^a 
HHCTpyMeHTajiBHBix MaTepnajiOB Ha 
e^HHHify HHCTpyMeHTa. Ohh KaeaiOTCn 
BBIUBJieHHH pe3epBOB npOH3BO^CTBa 3a 
CHeT HHTeHCH(J)HKaifHH pOKHMOB o6pa- 
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6otkh nyTeM onTHMH3aijHH reoMeTpH- 
uecKHx napaMeTpOB pe^ymeii uacra 
HHCTpyMeHTa. Taxon nojtxojt k co3^a- 
HHK) COBpeMeHHOH TeXHOJIOTHH HOCHT 
orpaHHueHHBiH xapaKTep, Tax Kax #ajiB- 
HeiiHiee pa3BHTHe MexaHHKH npoijecca 
pe3aHHn ^ojdkho 6bitb HanpaBjieHO He 
tojibko no nyra yroHHeHHR ot^cjibhbix 
n0JI05KeHHH, HO H paCKpBITHH KJHOHCBBIX 
oeodeHHOCTeii npoijecca pe3aHHn, b tom 
HHCJ ie HOBBIMH HHCTpyMeHTaJIBHBIMH 
MarepnajiaMH, b npHjio}KeHHH k tohc- 
HHK) KOHCTpyKTHBHO CJI05KHBIX nOBepX- 
HOCTeii. 

HejtaBHne orpaHHueHim b npHMeHe- 
HHH COBpeMeHHOTO HHCTpyMeHTaJIBHOTO 
odecneueHHH jsjm odpadoTKH tohchhcm 
KOHCT pyKTHBHO CJI05KHBIX nOBepXHOCTCH 
AeTajien KacajincB H3BecTHBix nojio^ceHHH 
O BBICOKOH XpynKOCTH HHCTpyMCHTaJIB- 
HBIX MaTepHaJIOB, B HaCTHOCTH K0MH03H- 
tob, ocodeHHO npn odpadoTKe npepBiBH- 
ctbix, HanpaBjieHHBix h KOMdnHHpOBaH- 
hbix noBepxHOCTeii, coctorihhx H3 pa3HO- 

pOJfHBIX KOHCTpy KUHOHHBIX MaTepHaJIOB. 

O BBICOKOH padOTOCnOCOdHOCTH 
3THX npOTpeCCHBHBIX HHCTpyMeHTajiB- 
HBix MaTepnajiOB CBH^eTejiBCTByeT Ha- 
KOnjieHHBIH OnBIT HCCJiejfOBaHHH B od- 
JiaCTH odpadoTKH K0Mn03HTaMH TJia^KHX 
H npepBIBHCTBIX, BOCCTaHOBJieHHBIX 
HanjiaBKOH noBepxHOCTeii ^eTajien npn 
HHCTOBOM H OT^eJIOHHOM, B TOM HHCJie 
H CBepXCKOpOCTHOM pe3aHHH, B CaMBIX 
3KCTpeMaJIBHBIX yCJIOBHUX [ 1 - 6 ]. 


H3BecTHBi npHHHHBi, odycjiaBjiHBa- 
lomne HeycTOHHHBBiii xapaKTep npoifee- 
ea pe3aHHR KOHCTpyKTHBHO CJI05KHBIX 
noBepxHOCTeii ^eTajien: ijhkjihhhoctb 
3a eneT Hepe^OBaHHn rjia^KHx h npe- 
Pbibhctbix ynacTKOB o6pa6aTBiBaeMoii 
nOBepXHO CTH, H3MeHeHHH H KOJiedaHHH 
chji pe3aHHn, TeMneparypBi, a Tax hk e 
H3MCHeHHe yCJIOBHH CTpy}KK006pa30- 
BaHHu. HecTa6njiBHOCTB npepBiBHCToro 
pe3aHH^ BJIH^eT Ha H3HOC HHCTpyMeH- 
TOB, onpe^ejmeT ctohkoctb h, b kohch- 
hom eneTe, KanecTBeHHBie noKa3arejiH 
npoifeeea. 

npn npepBiBHCTOM pe3aHHH nepe3 
np0Me5KyTKH BpeMeHH, H3MepneMBie ee- 
KyH^aMH hjih ^ojiumh ceKyH^, pe3aHHe 
nepejtyeTCR e xojioctbim npoderoM pe- 
5Kymen kpomkh HHCTpyMeHTa. Hanajio 
Ka)K^oro pe3aHHn ocymecTBjiHeTca hjih 
npn HyjieBOH (HanpHMep, npn BCTpen- 
hom (J)pe3epOBaHHH), hjih npn Been 3a- 
^aHHoii TOJimHHe (cTporaHne) cpe3ae- 
moto cjioh. Bo3HHKaeT p sir cneifH^H- 
necKHx nBjieHHH, b pe3yjiBTaTe kotopbix 
H 3MeHeHHe CTOHKOCTH HHCTpyMeHTa 
nO^HHHaeTC^ HHBIM 3aBHCHMOCT^M H 3a- 
KOHOMepHOCT^M, HCM npH HenpepBIBHOM 
pe3aHHH. 

OeodeHHOCTH 3THX 3aKOHOMepHO- 
CTeii Han6ojiee pe3KO npouBjunoTCn npn 
padoTe TBepAoenjiaBHBiM HHCTpyMeH- 
TOM H HHCTpyMeHTOM H3 CBepXTBep^BIX 
MaTepnajiOB. 

npodjieMa onTHMajiBHoro KOHTaKTa 
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Phc. 1 . CxeMa o 6 pa 6 oTKH iipepbiBiicroii noeepxHOCTH ^eTajiH 


aKTyajiBHa h cennac, Kor^a OTenecTBeH- 
Haa MeTajTJioo6pa6aTBiBaiomaa OTpacjiB 
nojiynaeT pa3HOo6pa3Hoe HHCTpyMeH- 
TajiBHoe oGecneneHHe, b tom HHCJie 
ne3BHHHBie HHCTpyMeHTBi, ocHameHHBie 
nOJIHKpHCTaJIJIHHeCKHMH CBepXTBep£BI- 
mh MaTepnajiaMH Ha ocHOBe Ky6nHe- 
ckoto HHTpH^a 6opa - ToproBan Mapica 

K0Mn03HTBI. 

no CBoeH npHpo^e, cneijH(j)HKe npo- 
ijecca nojiyneHMa, Bee komho3htbi otho- 
caTca k KareropHH xpymcnx HHCTpyMeH- 
TanBHBrx MarepHanoB; hx KpHCTajuiHne- 
cxaa CTpyxiypa He CBo6ojpia ot MHKpo- 
Tpen^HH, hto aBjiaeTca ochobhoh npHHH- 
HOH C^ep)KHBaHHa HCn0JIB30BaHHH KOM- 
no3HTOB npH o6pa6oTKe npepBiBHCTBix 
noBepxHOCTen, npH yzjapHBix Harpy3Kax 
Ha pejKymyto nacTB HHCTpyMeHTa. 

H3BecTHO o^ho H3 npocTBix perne- 
HHH 3TOH npo6jieMBI - npHMeHHTB y 
pOKyn^HX 3JieMeHTOB nOJIO>KHTeJIBHBIH 
yron HaKjiOHa raaBHOH pe^ymen KpOM- 
kh. ^encTBHTejiBHO, npH o6pa6oTKe 
npepBiBHCTBix noBepxHOCTen nponcxo- 
flHT HeKOTOpOe nOBBIHieHHe ctohkocth 
HHCT pyMeHTa, nocKOJiBKy Bpe3aHHe b 
o6pa6aTBiBaeMyio noBepxHO ctb 3aro- 
TOBKH npOHCXO^HT He BepHIHHOH (HTO 
npHBOAHT k ee BBiKpaniHBaHHio h pa3py- 
rneHHio), a nepH(J)epHeH pe^ymen KpOM- 
KH. Ho, B CBH3H C BBICOKOH XpynKOCTBIO, 
3 to pemeHHe £jin komho3htob He abjhi- 
eTcn npHeMjieMBiM. 

06o6n;eHHBiH onBiT nccjie^OBaHHH 
B o6jiaCTH HHCTOBOH 06pa60TKH KOM- 


n03HTaMH KOHCTpyKTHBHO CJI05KHBIX 
noBepxHO CTen fleTanen no3BOJineT c^e- 
jiaTB 3aKjiiOHeHHe o tom, hto npH Tone- 
HHH npepBiBHCTBix nOBCpXHO CTCH HMe- 
eT MecTO 3aKOHOMepHoe Hepe/jOBamie 
pa60HHX XOJIOB CO CHOTHeM CTpy)KKH H 
xojioctbix npo6eroB HHCTpyMeHTa. 3a 
nOJIHBIH H,HKJI o6pa60TKH npepBIBHCTOH 
nOBepXHO CTH HHCTpyMeHT OCymeCTBJia- 
eT: 1) Bpe3aHHe; 2) pa6oHHH xo# (pe3a- 
Hne); 3) bbixoa H3 KOHTaKTa e o6pa6a- 
TBiBaeMOH noBepxHO ctbio; 4) xojioctoh 
npo6er (pne. 1). 


OTJIHHHe o6pa6oTKH noBepxHO CTH, 
HanpHMep, cocToamen H3 nepe^yiomHx- 
en ynacTKOB MeTajuia h njiacTMaecBi, 
3aKJHOHaeTCH B OTCyTCTBHH XOJIOCTOTO 
npo6era HHCTpyMeHTa. 3a o6pa6oTKOH 
MeTajuiHHecKoro ynacTKa ene^yeT pe- 
3aHne njiacTMaceoBoro h t.#. B cboio 
onepe^B npH pe3aHHH xa^oro ynacT- 
xa HMeeTca Tpn 3Tana: 1) Bpe3amie; 2) 
pa6oHHH xo a; 3) bbixo# HHCTpyMeHTa 
H3 KOHTaKTa c MeTajuiOM h Bpe3aHHe B 
njiacTMacey (pne. 2). 

BenHHHHa npHnyexa h nacTOTa no- 
BTOpeHHn 3TanoB npoijecca pe3aHHn 
HMeiOT HeperyjiapHBiH xapaxrep h onpe- 
^ejiaiOTCn KOHCTpyKi^Hen ^eTajiH. 

B 3aBHCHMOCTH OT TeOMCTpHH pe- 
5Kymen nacTH pe3ija h ero noji05KeHHn 
otho CHTejiBHO o6pa6an>iBaeMOH no- 
BepxHOCTH 3aroTOBKH, nepBOHanajiBHBiH 
KOHTaKT (Bpe3aHHe) M05KeT np0H30HTH B 
o/jhom H3 ejie^yiomHx nojio)KeHHH pe- 
5Kymen nacTH HHCTpyMeHTa h noBepx- 
HOCTH pe3aHHH: a) TOHCHHBIH KOHTaKT 
BepHIHHBI HHCTpyMeHTa A C TOHKaMH 
njiocKOCTH epe3a S, T, U hjih V; 6) jih- 
HeifflBIH KOHTaKT pe5KyiIjeH KpOMKH HH- 
CTpyMeHTa c ceneHneM njiocKOCTH cpe- 
3a ST, TU, UV hjih VS; b) hjiockocthoh 
KOHT aKT STUV nepe^Hen noBepxHO cth 
pe3i^a c o6pa6aTBiBaeMOH noBepxHO- 
CTBIO 3arOTOBKH (pHC. 3). 

H3 ^eBOTH B03M05KHBIX BapHaHTOB 
nepBOHanajiBHoro KOHTaKTa caMBin He- 
6jiarOnpHOTHBIH KOHTaKT BepHIHHa pe3- 



Phc. 2. CxeMa o 6 pa 6 oTKH noeepxHOCTH H 3 jib yx KOHCTpyKUHOHHbix MaTepnajiOB 
(n - njiacTMacca, m - MeTajui) 
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ija A c tohkoh njiocKOCTH cpe3a S h Han- 
6ojiee bbito^hbih, c tohkh 3peHHa ctoh- 
kocth HHCTpyMeHTa, KOHTaKT nepe/jHeH 
noBepxHOCTH pe3ija c o6pa6aTBiBaeMOH 
IIOBepXHOCTBK) 3arOTOBKH STUV. 

OneBH^HO, HTO BapHaHT IIJIOCKOCT- 
Horo KOHTaKTa STUV aBjiaeTca npe#- 
noHTHTejiBHBiM, nocKOJiBKy Harpy3Ka 
O^HOBpeMeHHO H paBHOMepHO npHHH- 
MaeTca Been nepe#HeH noBepxHOCTBio 
pe3i^a (cm. pHC. 3). 

OnTHMajiBHOMy KOHTaKTy nepe^HeH 
noBepxHOCTH pe3ija c noBepxHOCTBio 
3aroTOBKH STUV cooTBeTCTByeT onpe- 
^ejieHHoe 3HaneHHe yraa (3 (yron no- 
BOpOTa 3aroTOBKH /jo nepBoro xacaHHa 
nepe^Hen noBepxHOCTH HHCTpyMeHTa c 



Phc. 3. Bo3MO»CHbie BapnaHTbi KOHTaKTa pe3ep 
- o6pa6aTbieaeMaH noBepxHOCTb 


p = ^-(§-5')-(s-g') = ^-A5-Ae (l) 


noBepxHOCTBio pe3aHHa) (pnc. 4). 

Ha pnc. 4 h b (jiopMyjie (1): 5 h S’ 

- MHHHMaJIBHBIH H MaKCHMaJIBHBIH yTOJI 
xacaHHa BepniHHBi HHCTpyMeHTa A k mh- 
HHMaJlBHO H MaKCHMaJIBHO pacnojio)KeH- 
hbim TOHKaM KOHTaKTa o6pa6aTBiBaeMOH 
noBepxHOCTH MeTajuiHHecKoro h miacT- 
MaccoBoro ynacTKOB (r 3min , r 3max ); s h s’ 

- MHHHMaJIBHBIH H MaKCHMaJIBHBIH yTOJI, 

o6pa30BaHHBiH jiHHHen KacaHHa, npoxo- 
/jameii nepe3 ijeHTp 3aroTOBKH, BepniH- 
Hy HHCTpyMeHTa h TOHKy M, o6pa30BaH- 
Hyio Ha och op^HHaT nepneHflHKyjiapOM 
H3 BepHIHHBI HHCTpyMeHTa A . 

B 3T0M n0JI05KeHHH pOKymeH HaCTH 
HHCTpyMeHTa h o6pa6aTBiBaeMOH no- 


BepxHOCTH pacneTHBiM nyTeM Han^eH 
yroji noBOpOTa P, a TaK hk e KpHTHnecKHe 
3HaneHHa yrjiOB y h X pe3ija, cootbct- 
CTByiomHe onTHMajiBHOH pa6oTOcno- 
co6hocth HHCTpyMeHTa. 

Ytoji noBOpOTa ( 2 ) 

^P = (|-8-e)-?g(|-6'-s') = 


KpHTHnecKoe 3HaHeHHe yrjiOB pe3ija 

(3) 

B (jiopMyjiax (2) h (3): tut ’- H3- 
MeHeHHe rjiy6nHBi pe3aHHa BCJiefl- 
CTBHe K0Jie6aHHa bcjihhhhbi npnnycKa 
MeTajuiHHecKoro h njiacTMaccoBoro 
ynacTKOB, mm; a . , a - MHHHMajiB- 

J 77 min 7 max 

Han h MaKCHMajibHan BejiHHHHa CMe- 
meHHH BepHIHHBI HHCTpyMeHTa A (A’) 
b momcht nepBOHanajiBHoro KOHTaKTa 


•V( r 3min a ^n a mm^( r 3mm ^ 

l ‘ a mm + V (^3 min — 0 ' V ( r 3min — 0 “ a m\r 

l ' V (^3 max — 0 — a ma x — ^max ' yji. r 3max ~0 — ^ 

^ ' ^max i/ (^3 max — 0 — ^ — '\ji r 3max ~ 0 — ^max 

/ • A /(Ar 3 - A/) 2 - Aa 2 - Aa • A /(Ar 3 - A/) 2 - / 2 @) 

/ • Aa + A /(Ar 3 - A 0 2 - / 2 • V( a ^3 - A/) 2 - Aa 2 



Phc. 4. CxeMa onpeaejieHHH yma nosopoTa 3aroTOBKH ao nepBoro bacaima 
nepeAHeii noBepxHOCTH HHCTpyMeHTa c noBepxHOCTBio pe3aHHH 


^Ykp 

^KP 


*gp[cOS((p + (pi)] 
cos cpj + /gp • /gcp x • sin cp ’ 
/gp[sin((p + cp, )] 

COS CPj + /gP + /g( Pj • cos cp 


(3) 


ee c o6pa6aTBiBaeMOH noBepxHOCTBio, 
mm; / - /yiHHa ynacTKa njiacTMaccBi, 
MM. 

B pe3yjiBTaTe o6pa6oTKH hcxoa- 

HBIX ^aHHBIX flJHI B03M05KHBIX ^CBaTH 
BapnaHTOB nepBOHanajiBHoro KOHTaKTa 
pOKymeii nacTH HHCTpyMeHTa c o6pa- 
6aTBiBaeMOH noBepxHOCTBio nojiyneHO 
rpa^HnecKoe H3o6pa)KeHHe ^narpaMMBi 
BBi6opa reoMeTpHH pOKymen nacra HH- 
CTpyMeHTa H3 K0Mn03HTa RJlft TOHCHHH 
KOHCTpyKTHBHO CJI05KHBIX ^CTaJICH (pHC. 

5). 

AHajiHTHHecKoe pemeHHe npo6jie- 
mbi o6ecneHeHHa onTHMajiBHoro koh- 
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Phc. 5. flwarpaMMa m>mopa reoMeTpmi peacymefi nacTH HHCTpyMeHTa: 

3oHa 1 - onTHMajiBHBie yejiOBHn pe3aHHn (KOHTaKT U, STUV ); 

3oHa 2 - xopomne ycjiOBHn pe3aHHn (KOHTaKT U-UT, U 2 -UV ); 

3oHa 3 - ya,OBjieTBopHTejiBHBie ycjiOBHn pe3aHHn (KOHTaKT UV-VS, UT-TS ); 
3oHa 4 - He6jiaronpHOTHBie ycjiOBHa pe3aHH^ (KOHTaKT TS-VS). 


TaKTa pe5Kymen uaera pe3ija c o6pa6a- 
TBIBaeMOH nOBepXHOCTBK) 3arOTOBKH, 
npeACTaBjiaiomeH eoneTaHHe MeTaji- 
JIHHeCKOH ochobbi h nnacTMaccBi, no- 
3BOJIHJIO yCTaHOBHTB 3aBHCHMOCTH 

nojio)KeHHa HHCTpyMeHTa b npoijeeee 
TOHeHHfl H pa60HHMH yTJiaMH pe3aHH^, 
KaK npeAnocBuiKy Haxo5K/jeHH5i onra- 
ManBHOH reoMeTpHH pOKymefi uaera 
pe3i^a. 

OnTHMajiBHBie ycjiOBHn pe3amm 
HMeiOT MecTO b cjiynae BBi6opa nepe#- 
Hero yraa h yrjia HaKjiOHa niaBHOH 
pOKymefi KpOMKH pe3ija b 30He 1 npn 
KOHTaKT e Been nepe^Hen noBepxHO- 
ctbk) HHCTpyMeHTa STUV c noBepx- 
HOCTBK) 3arOTOBKH B TOHKaX U MOKfly 
OTpaHHHHTeJIBHBIMH JIHHHUMH U { - U r 
OTOMy yCJIOBHIO COOTBeTCTByeT KOH- 
CTpyKi^na HHCTpyMeHTa c reoMeTpHeii 
pOKymefi uaera: OTpmjaTejiBHBie 3Ha- 
Hemni nepe^Hero yraa h nojio^cHTejiB- 
HBie 3HaneHHH yraa HaKjiOHa pOKymefi 
KpOMKH. 

Bee Apyrne ycjiOBHn yxy^maiOT 
pa6oToenoeo6HOCTB HHCTpyMeHTa, a b 
30He 4 (ycjiOBH^ KOHTaKTa TS - SV) npo- 
ijeee ToneHHn HeB03M05KeH H3-3a pa3py- 
meHHn pe5Kymen uaem pe3ija. 
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DEVELOPMENT OF RATIONAL 
SCHEMES OF CALIBERS OF SECTION 
MILL ROLLS 

A. Vinogradov, Candidate of Technical sciences, Associate 
professor, Head of a Chair 

M. Timofeeva, Candidate of Technical sciences, Associate 
Professor 

Cherepovets State University, Russia 

A new technique for analysis of systems of section mill roll’s 
calibrations was proposed. The following criteria for analysis 
were proposed to use: the uniformity coefficient and the efficiency 
coefficient. They determine the degree of reaming of the structure at 
the section bars rolling. Possible schemes of deformation, as well as 
strengths and weaknesses of each scheme have been analyzed in the 
example of calibration systems for production of 28 mm round profile. 

Keywords: systems of calibers, flat-and-edge rolling, the 
efficiency criterion 
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PA3PAEOTKA PAIJHOHAJIBHBIX CXEM 
KAJIHEPOB BAJIKOB COPTOBEIX 
CTAHOB 

BuHorpaAOB A.H., KaH£. TexH. HayK, ^oifeHT 
TnMO(J)eeBa M.A., kuh^. TexH. HayK, ^oifeHT 
HepenoBeifKHH roeyzjapCTBeHHBiH yHHBepCHTeT, Poccna 


npeaao^ceHa ho Baa MCTOjtHKa aHajiH3a chctcm KajindpOBOK Baji- 
kob copTOBBix CTaHOB. B KauecTBe KpHTepneB npeaaoaceHO ncnojib30- 
Bart K03(^^HitHeHTEi HepaBHOMepHOCTH h 3(jj(j3eKTHBHOCTH, onpeaejm- 
loutne CTeneHt npopadoTKH CTpyKTypbi npn npoxaTKe copTOBBix npo- 
(Jiuaeu. Ha npHMepe chctcm KaaufipoBKH jura npoiOBOjtCTBa Kpymoro 
npocjmjra anaMeTpOM 28 mm npoaHajnonpOBaHbi B03M0>KHtie cxcmei 
ae4)opMau;HH, a Taxace npeHMymecTBa h cjiadbie MecTa Kaacaoii H3 hhx. 

KaiOHeBbie cjioBa: CHCTeMEi KajindpOB, copTOBaa npoxaTKa, Kpn- 
TepHH 3(J)^eKTHBHOCTH 

YHacTHHKH KOH(J)epeHn,HH, HaunoHajibHoro nepBeHCTBa no HaynHoii aHajiHTHKe 


n ocTaHOBKa 3a^aHH. riocTpoe- 
HHe paifHOHaJIEHOH KaJIHdpOB- 
kh BanKOB copTonpOKaTHoro CTaHa 
- cno5KHa^ 3 a#aua. H ee cjio}khoctb 
onpejjejnieTCii npHOpHTeTOM Toro 
hjih HHoro o)KHAaeMoro pe3yjitTa- 
Ta. H3BeCTHO, HTO OJfHH KaJIHdpOBKH 
«3aTOHeHEI» Ha MaKCHMaJIBHO 6bl- 
CTpoe $op M OH3MeHeHHe, jjpyrne Ha 
jiyumyio npopadoTKy CTpyKTypbi. 
CymecTByiOT KanndpOBKH, odecne- 
HHBaiomHe donee tohhbic pa3MepBi 
nonepenHoro ceueHmi hjih no3BOjm- 
lomne ocymecTBji^TB 3Hepro3(j)(]ieK- 
THBHBie pe5KHMBI JjetjDOpMaifHH. 

H3BecTHBie H3 jiHTeparypHBix hc- 
TOHHHKOB CHCTeMBI KaJIHdpOBKH HMdOT 
MHO)KecTBO pa3HOBH^HOCTeH, nojjcxeM 
h nojtuac, peman ojjHy 3ajfany, cyme- 
CTBeHHO yxyjjmaiOT ycjiOBHn jjpyroii. 
nosTOMy pa3pa6oTKa mcto^hkh aHajiH3a 
CHCTeMBI KaJIHdpOBKH Ha OCHOBe odo- 
CHOBaHHBIX KpHTepHeB nBjmeTcn aKTy- 
ajiBHoii HayuHoii 3ajjaneH. 

MeTO^HKa npoBe^eHMa pa6oTbi. 
aHajiH3a chctcm KajindpOBOK bbi- 
6paHBi napBi nocjiejjOBaTejiBHBix KajiH- 
6pOB, n03B0JHII0mHe C OJfHOH CTOpOHBI 
paCCMOTpeTB Bee B03M0)KHBie CXeMBI 
coueTaHHH KajiudpOB, a c jjpyron ode- 
cneuHTB HccjieAOBaHHn npejjejia njie- 

HeHHH CJI05KH0H CHCTCMBI, TaKOH KaK 

KajiudpOBKa BajiKOB HenpepBiBHoro co- 
pTOBoro CTaHa. 

B KauecTBe KpHTepneB biJhJjckthbho- 
CTH CHCTeMBI BBl6paHBI K03(})(})HIUieHTBI 
HepaBHOMepHOCTH K H 3(J)(J)eKTHBHO- 
cth K 3d3 , onpe^ejiaiomHe CTeneHB npo- 
padoTKH CTpyKTypbi MeTajuia[l]: 



V 

n 

(i) 

1 

n 



S' 

II 

Y 

= i ^ 

.A 

(2) 


n 



rae A i = 

b i/ a i - 

KOMnoHeHTa 

Ma- 


TpHIfBI (|)OpMOH3MeHeHHH; 

a., b. - juihhbi pa^uyc-BeKTOpOB b 
z-oh TOHKe nonepenHoro ceHemui 3aro- 

TOBKH H BBIXO^Hmeil nOJIOCBI COOTBeT- 
CTBeHHO; 

n - KOJiHuecTBO pa/piyc-BeKTOpOB. 

K034)$HIfHeHTBI HepaBHOMepHOCTH 
H 3(})(})eKTHBHOCTH (|)OpMOH3MeHeHH5I, 
onpeAejunomne CTeneHB npopadoTKH 
CTpyKTypbi MeTajuia, b 3HaHHTejiBHoii 
CTeneHH 3aBHCiiT ot (jiopM Hepe^yiomux- 
CH KaJIHdpOB, COOTHOmeHHH jjjihh oceii 
HepaBHOocHBix KajiudpOB. HenpaBHjib- 
hbih BBidop OTHomeHH^ oceii npHBOjurr 
k noaBjieHHio TpemHH h pa3pbiBOB b no- 
jioce npn npoxaTKe npoijiHjieH ocodemio 
H3 Tpy^HO^etJiopMHpyeMBix CTajieiu 

B npoifecce npOKaTKH jnodoro co- 
pTOBoro npo^Hjia mojkho bbiacjihtb #Ba 
ochobhbix 3Tana: npoxaTKa KBajjpaTHoii 
HenpepBIBHO-JIHTOH 3arOTOBKH B HepHO- 
BBIX H npOMOKyTOHHBIX kjictux CTaHa 
c ifejiBio nojiyHeHHn nojjKaTa Tpedye- 
MOH (jlOpMBI H pa3MepOB JSflSL HHCTOBOH 
rpynnbi KjieTen h npoxaTKa b hhctobbix 
Kjierax. npn nocTpoeHHH paijHOHajiB- 
hoh KajiudpOBKH BajiKOB npOKaTHoro 
CTaHa Heo6xO£HMO CTpeMHTBCH K HC- 
n0JIB30BaHHK) 0£HHX H TCX 5KC KaJIHdpOB 
B HepHOBBIX H npOMOKyTOHHBIX KJICT^X 


npn nojiyueHHH npoxaTa mupOKoro npo- 
(jmjiBHoro copTaMeHTa. 

Tax, npn npoxaTKe Kpyrjioii CTajin 
^HaMeTpOM 25-105 mm h mecTHrpaH- 
hoh CTajin JV 2 JV 2 28-48 Ha cpe^HecopT- 
hom CTaHe «350»HepMK OAO «Ce- 
BepCTajiB» HcnojiB3yeMBie chctcmbi 
KaJIHdpOBKH [2] OTJIHHaiOTCH TOJIBKO B 
HHCTOBBIX H HCKOTOpBIX npOMOKyTOH- 
hbix Kjiemx. 

IIonpodyeM Ha ochobc KpHTepueB 
34)$eKTHBHOCTH (J)OpMOH3MeHeHH5I npO- 
BecTH aHajiH3 npopadoTKH CTpyKTypbi 
npH pa3JIHHHBIX CHCTeMaX KaJIHdpOBOK. 
B KanecTBe npHMepa paccMOTpHM npo- 
KaTKy Kpyrjioii CTajin jmaMeTpOM 28 mm. 

npH Mo^ejiHpoBaHHH b KauecTBe 
rpaHHHHBix npHH^TBi cjiejtyioiiiHe yc- 
jiobh^: odecneHeHHe 3axBaTa nojiocbi 
BajncaMH, T.e. a t < \a \ , odecneHeHne 
ycTOHHHBOCTH pacxaTa b Kajiudpe h o6e- 
cneHeHHe TpedyeMou mupHHBi pacxaTa. 

Pe3yjibTaTbi pafioibi. Pe3yjiBTa- 
tbi MareMaTHHecKoro Mo^ejinpoBaHHa 

nO B03M05KHBIM COHCTaHHUM KaJIHdpOB 

npe^CTaBjiCHBi b BH^e rpa^HnecKHx 3 a- 
bhchmo CTeii Ha pncymcax 1-4. 

Ko3(J)(J)HifHeHT K umj) (pnc. 1) xapaK- 
TepH3yeT HepaBHOMepHOCTB ^e({)opMa- 
ifHH MeTajuia no nonepenHOMy ceneHmo 
npo(j)HjHi. Bojibmee 3HaneHHe ko 3 ({)(})h- 
ifneHTa roBopHT o dojibmeii HepaBHO- 
MepHOCTH TaKOH ^etjiopMaifHH npn no- 
jiyneHHH o/fHoro h Toro hk e npoijiHjiii h, 
KaK cjie^CTBne, jiynmeii npopadaTBiBae- 
mocth CTpyKTypbi MeTajuia. fl,jui cpaB- 
HHBaeMbix cxeM KajindpOBKH HcnojiB- 
30BaJIHCB H3BeCTHBie H3 JIHTepaTypHBIX 
HCTOHHHKOB HepaBHOOCHBie KaJIHdpBI 
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(HanpHMep, OBajiBHBie, poMOnneexHe), c 
pa3JIHHHBIM COOTHOineHHeM OCeH. 

IIpH npOKaTKe Kpyrjioro npocjiHjia 
b hhctoboh nape Kajin6pOB bo3mo)xho 
npHMeHeHne chctcm OBaji-Kpyr n mio- 
cxhh OBaji-Kpyr. Kaic noKa3aHO Ha pn- 
CyHKe 1 (JIHHHH 1,2) BeJIHHHHa MaKCH- 
MajiBHoro 3HaneHH5i xo3(]i(|)HijHeHTa if 
b 1,4- 1,5 pa3a 6ojiBme npn ncnojiB30Ba- 
hhh b KanecTBe npe^nncTOBoro miocxo- 
ro OBajiBHoro xajin6pa. 

TaKHM o6pa30M, c tohxh 3peHHn 
jiynmen npopa6oTKH CTpyioypBi, Han6o- 
jiee npe^noHTHTejiBHon nBjraeTCn cncTe- 
Ma nnocKHH OBaji-Kpyr. npn 3 tom Heo6- 
XOAHMO yHHTBIBaTB, HTO AaHHaH CHCTCMa 
npn npOH3BO^CTBe xpyrjioil CTann Ma- 
jibix pa3MepOB Tpe6yeT bbicoxoh tohho- 
CTH HaCTpOHKH CTaHa RJISL HCXJHOHeHHH 

AetjiexTOB Kpyrjioro npocjiHjia «yc» hjih 
« jiaMnac», a Tax>xe «njiocKne rpaHH», 
B03HHKai0D3Hx H3-3a nepenojiHemni HJIH 
He3anojiHeHH5i xajin6pOB. 

IIpH npOH3BO^CTBe KpyraoH h rne- 
CTHipaHHOH CTaJIH B npOM QXyTOHHBIX H 
HpejpiHCTOBBIX KJJCTflX HaCTO HCnOJ3B3yiOT 
CHCTeMBI KaJ3H6pOB C pe6pOBBIM OBaJIOM, 
Taicne xax OBaji-pe6pOBOH OBaji h pe6pOBoil 
OBaji-OBaji. B AaHHbix encTeMax, xax noxa- 
3aJIH HCCJieAOBaHHH, BeJIHHHHa X03(|)()jHHH- 
eirra HepaBHOMepHOCTH (J)opMOH3MeHeHHfl 
K , B 3HaHHTeJIBHOH CTeneHH 3aBHCHT He 

UHCp 

TOJIbKO OT OTHOineHHH OCeH OAHOpa^HyCHO- 
ro OBajiBHoro xajiH6pa (pnc. 1, jihhhh 4 h 5), 
HO H OT OTHOHieHHH OCeH pe6pOBOIX) OBaJia. 
Kax noxa3ajin pe3yjn>TaTBi MOAejmpOBaHHfl, 
HanjiyniiiH e ycjiOBira Ae^opMaijHH o6eene- 
HHBaeT xajm6p «pe6pOBoil OBaji», (jiopMa 
xoroporo 6jiH3xa x xpyry, T.e. OTHomemiH 
oceii pe6pOBoro OBajia b npOMeixyTOHHBix 
h npejpiHCTOBBix xneTax paBHBi 0,94-0,96. 
npn TaxoM oiHomeHHH oeeil pe6pOBoro 
OBajia iuiomaAB bbicothoh ^e^opMai^HH 
CTaHOBHTCa COH3MepHMa C IUIOma^BK) no- 
nepenHoii #e(j)opMaijHH, hto npHBOAHT x 
yBejiHHeHHio 3HaneHHa xo3(j)(j)HAHeHTa 
K uh4> . H3MeH5Di OTHomeHHe oceii pe6po- 
boto OBajia c 0,75 ao 0,95, xo3(j)(j)HAHeHT 
(J)OpMOH3MeHeHIM MeHneTcn OT 0,038 AO 
0,138. IIpH 3aAane pacxaTa OBajiBHoil (})op- 
mbi c OTHomeHHeM oeeil OT 1,5 AO 2,65 B 
pe6pOBoil OBajiBHBiil xajin6p, OTHomeHHe 
oceii xoToporo paBHO 0,95, xoocjxjiHAHeHT 
K , H3MemijiC5i ot 0,06 ao 0,31.TaxHM 

06pa30M, HHTCHCHBHO CTB pOCTa HepaBHO- 
MepHOCTH Ae^opMaAHH b CHCTeMe pe6po- 
Boil OBaji-OBaji OojiBine neM b chctcmc 
OB aji-pe6pOBoil OBaji. 
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0,7 1,2 1,7 2,2 2,7 

OTHomeHHe oceii HepaBHOOCHoro Kajinopa 


PHC. 1. K03$$HUHeHT HHTerpaJIbHOH HepaBHOMepHOCTH (|)OpMOH3MeHeHH5I 


UH(f ) * 

1- oean-Kpya; 2 - wiockuu oean-Kpys; 3 - oecm-Keadpam; 4 - oean-peGpoeou oean; 
5 - pedpoeou oean-oean; 6 - poMd-Keadpam. 


B npOMOXyTOHHBIX XJieTUX COpTO- 
boto CTaHa npn npOH3BOACTBe xpyrjioro 
npo(j)Hjni bo3mo}xho npHMeHeHne CHCTe- 
mbi xajin6pOB OBaji-xBaApaT, b xoTopoil, 
xax noxa3ajio MOAejinpoBaHne, otho- 
rneHHe oceii OBajiBHoro pacxaTa mojxct 
6bitb b 1,5 pa3a 6ojiBme neM b chctcmc 
OB aji-xpyr npn oahhx h Tex >xe xo3(j)- 

(JjHAHeHTaX BBIT5DXXH. 3 t 0 npHBOAHT X 

yBejiHHeHHio 6ojiee neM b ABa pa3a xo- 
3(J)(J)HAHeHTa K uh(P (jihhhh 1, 3 pnc. 1), 
hto oOeeneHHBaeT jiynmyio npopa6oTxy 
CTpyxTypBi MeTajuia. 

B CHCTeMe xajin6pOB poM6-xBaApaT, 


xoTOpyio Tax)xe mojxho HcnojiB30BaTB 
b npoMOxyroHHBix xjieTux, xo3(J)(J)hah- 
eHT HHTerpaJIBHOH HepaBHOMepHOCTH 
4)0pM0H3MeHeHH^ npHMepHO b 3 pa3a 
MeHBine neM b CHCTeMe OBaji-xBaApaT, 
Tax xax OTHomeHHe oceii pOMOnneexoro 
xajin 6 pa moukqt 6bitb 1,2- 1,8, a OBajiB- 
hoto xajinGpa 2-2,7. Taxoe eooTHome- 
HHe oceii pOM 6 Hneexoro xajin 6 pa 06 - 
yejiOBjieHO orpaHHneHHeM no yejiOBHio 
3axBaTa. IIosTOMy npn npon3BOACTBe 
xpyrjioil CTajiH ijejiecoo6pa3Hee b xane- 

CTBe BBIT5DXHOH HCnOJIB30BaTB CHCTCMy 
xajin6pOB OBaji-xBaApaT. 
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0,7 1,2 1,7 2,2 2,7 

OTHomeHHe oceft HepaBHOOCHoro KannCpa 


PHC. 2. K03(J)(J)HpHeHT (J)OpMOH3MeHeHH5I K^: 

1- oean-Kpys; 2 - wiockuu oecm-Kpyc; 

3 - oean-Keadpam; 4 - oecm-pedpoeou oean; 5 - pedpoeou oean-oean; 
6 - poMd-Keadpam. 
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* 0,38 

s 

X 

0) 

g 0,33 
1 0,28 

| °' 23 

1 0,18 

X 

a- 

^ O, 13 

1 0,08 


7 8 9 10 11 12 

HOMep KneTM no xofly npoKaTKM 

1 BapnaHT 2 BapnaHT • 3 BapMaHT — — 4 BapnaHT 


Phc. 3 . Pacnpe^ejieHHe K 03 ^^nu,neHTa (J)opMOH 3 MeHeHHsi K hhj|i npn npoKaTKe 
Kpyrjioro npo^mia ^HaMeTpoM 28 mm Ha CTaHe « 350 ». 



7 8 9 10 11 12 

HOMep KneTM no xo^y npoxaiKM 

1 BapMaHT 2 BapnaHT • 3 BapnaHT — — 4 BapnaHT 

Phc. 4 . Pacnpe^ejieHHe K 03 (|)(|)HUHeHTa (j)opMOH 3 MeHeHHH K npn npoKaTKe 
Kpyrjioro npo(|)ium AnaMeTpoM 28 mm Ha CTaHe « 350 » 



HHH K03(f)(f)HUHeHTOB RJ1SL Apy™X 

CHCTeM. 

npH cpaBHeHHH CHCTeM OBaji-Kpyr 
h nnocKHH OBaji-Kpyr (pnc. 2, jihhhh 1 
h 2) bhaho, hto Ae(j)opMaipni 6ojiee 3(j)- 
4)eKTHBHa b CHCTeMe OBaji-Kpyr, r^e Be- 
JIHHHHa X03(|)(j)HAHeHTa K 3d3 npH OAHHX 
h Tex hk e OTHonieHnax oceii OBajiBHBix 
KajiH6pOB b 1,5- 1,8 pa3a 6 ojibihc. 

npH HCnOJIB30BaHHH pe6pOBOTO 
OBajiBHoro KajiH6pa xo3(]i(j)HAHeHT 3(j)- 
(jieXTHBHOCTH Ae(j)OpMaiJHH B 3JICMCHTaX 

KajiH6pa 6ojiBme npH npoxarxe b chctc- 
Me OBaji-pe6pOBOH OBaji, neM b chctcmc 
pe6pOBOH OBan-OBan nocneAHeii (pnc. 2, 
JIHHHH 4 H 5). Tax, H3MCHIHI B CHCTCMC 
pe6pOBOH OBaji-OBaji othohichhc oceii 
pe6pOBoro OBajia c 0,75 ao 0,95, xo3(j)- 

(JjHI^HeHT (J)OpMOH3MeHeHH5I MCHUCT- 

cn ot 0,06 ao 0,11. npH 3a^ane pacxaTa 

OBaJIBHOH (J)OpMBI C OTHOHICHHCM OCCH 
OT 1,5 AO 2,65 B pe6pOBOH OBaJIBHBIH xa- 
jin6p, OTHomeHHe oceii xoToporo paBHO 
0,95, K03(J)4)HAHeHT K 3d3 H3MCH5DICII OT 
0,017 AO 0,154. 

TaKHM o6pa30M, hhtchchbhoctb po- 
CTa 3(})(})eXTHBHOCTH Ae^OpMaAHH b ch- 
CTeMe OBaji-pe6pOBoii OBaji Sojitme neM 
b CHCTeMe pe6pOBoii OBaji-OBaji. 

C yneTOM otmchchhbix 3axoHOMep- 
HOCTeii pacnpeAejieHHa xo3(j)(j)HAHeHTOB 
4)OpMOH3MeHeHHH B pa3JIHHHBIX CHCTe- 
Max KajinOpOB npeAJio}xeHi>i neTBipe Ba- 
pnaHTa cxeM xajin6pOBXH npOMOxyTOH- 
HBIX, npeAHHCTOBBIX H HHCTOBBIX XJICTCH 

cpeAHecopTHoro CTaHa «350» npH npo- 

TaOjinpa 1. 


BapnaHTbi ka.mopoBkii eajiKOB cpeAHecopTHoro CTaHa « 350 » npn npoH 3 BOACTBe 


Kpyrjioro npo^Hjia AnaMeTpoM 28 mm. 


(jiopMa xajin6pa 

XJieTB 

6 

7 

8 

9 

10 

11 

12 

1 BapnaHT 

5HAHHHBIH 

(1,2) 

OBaji 

(2,25) 

xBaApaT 

njiocxHH OBaji 
(2,25) 

xpyr 

OBaji (1,83) 

xpyr 

2 BapnaHT 

HIAHHHBIH 

(1,6) 

OBaji 

(2,7) 

xBaApaT 

OBaji (2) 

xpyr 

OBaji (1,83) 

xpyr 

3 BapnaHT 

5HAHHHBIH 

(1,5) 

OBaji (2,65) 

pe6pOBoii OBaji 
(0,96) 

OBaji (2) 

xpyr 

OBaji (1,83) 

xpyr 

4 BapnaHT 

HIAHHHBIH 

(1,2) 

OBaji 

(2,5) 

peOpOBoii OBaji 
(0,96) 

OBaji (2,6) 

pe6pOBoii OBaji 
(0,96) 

OBaji (1,83) 

xpyr 


IIpHMeHaHHe: () - othohichhc oceii HepaBHOocHoro Kajin6pa 


AHaJIH3 AaHHBIX nO X03(j)(})HAHeHTy 
3(j)(J)eKTHBHOCTH AecjjopMaipiH B 3jie- 
MeHTax xannOpa K 3d3 (pnc. 2), KOTOpBiii 
n03BOJIHeT OH,eHHTB, HaCKOJIBKO paAH- 
OHajiBHa a aHHaa chctcma xannOpOB no 


BBTODXHOH CnOCOOHOCTH, nOKa3BIBaeT, 
HTO MaKCHMaJIBHBie K034)(f)HAHeHTBI 
HMeiOT MecTO b CHCTeMe OBaji-KBaApaT 
(pHC. 2, KpHBaH - 3), BeJIHHHHa KOTOpBIX 
BCpeAHeM b 2 pa3a npeBBimaeT 3Hane- 


xaTxe Kpyrjioii CTajin AnaMeTpOM 28 mm 
(cm. Ta6ji. 1). IIpeAJi05KeHHBie BapnaHTBi 
OTJIHnaiOTCa CHCTCMAMH KaJIH6pOB B 
npOMOKyTOHHBIX H npCAHHCTOBBIX KJie- 
tux. Bo Bcex BapnaHTax nojiyneHBi Max- 

li 
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TaSjnma 2. 

Cpe^HHe 3HaneHHn noKa3aTejieii ae^opMapHH h K03(|)(|)imHeHT0B (j)opMOH3MeHeHHH npn npoKaTKe 
Kpyrjioro npo(|)ium no pa3JinnHbiM cxeMaM Kajin6poBKn 


B^naHTn^aMei^ 

1 

2 

3 

4 

^P 7 .„ 

1,34 

1,36 

1,29 

1,32 


7,67 

8,25 

6,04 

6,92 

K ^ 

nurp op 

0,265 

0,254 

0,228 

0,272 

K ‘ 

303 Op 

0,201 

0,204 

0,164 

0,195 


* - Xcp 7 12 - cpeAmra BBiT5DKKa no kjicthm JV 2 JV 2 7-12; - cyMMapHaa BBiTJDKKa no KjieT^M N°N° 7-12 


CHMaJIBHO B03M05KHBie K03(})(})HIJHeHTBI 
3(})(})eKTHBHOCTH (|)OpMOH3MeHeHH5I if 

n no KjieTJiM CTaHa «350» npn bbi- 

nOJIHeHHH rpaHHHHBIX yCJIOBHH. 

Pacnpe^ejieHne K 03 (j)(])HijHeHT 0 B 

3(|)(J)eKTHBHOCTH nO KJICT5IM CTaHa 

npe^CTaBjieHBi Ha pnc. 3, 4. ,3,jni cono- 

CTaBjieHna npeflji05KeHHBix BapnaHTOB 
6bijih paccHHTaHBi cpe/pine 3HaneHH5i 
K03^)^)nn,neHT0B 4)opMOH3MeHemni 
K ,, K . n K03cb(bHijHeHTa bbitjdkkh 
no mecTH kjict^m CTaHa JV 2 JV 2 7-12. 
Pe3yjiBTaTBi pacneTOB npe^CTaBjieHBi b 
Ta6jini^e 2. 

H 3 Ta6jl. 2 BH£HO, HTO MBKCHMaJIB - 
Hoe cpe^Hee 3HaneHne K034)4)Hi^HeHTa 
K um}) HMeeT MecTO b 4 BapnaHTe npn nc- 
n0JIB30BaHHH CHCTeMBI KaJin6pOB OBaJI- 
pe6pOBon OBan b npOMOKyTOHHBix Kjie- 
thx, MaxcHMajiBHoe cpe^Hee 3HaneHne 
K03(})(})HijHeHTa K 3d3 n K034)4)Hi^neHTa 
bbitjdkkh bo 2 BapnaHTe, npn ncnojiB- 
30BaHHH CHCTeMBI OBaJI-KBa^paT H OBaJI- 
Kpyr. 

TaKHM o6pa30M, npOKanca c ncnojiB- 
30BaHHeM CXeMBI KaJIH6pOBKH 4 BapHaH- 
Ta o6ecnenHT MaKCHMajiBHyio no cpaB- 
hchhk) c ^pyrHMH BapnaHTaMH npopa- 
6aTBiBaeMOCTB CTpyicrypBi MeTajuia, a 
3HaHHT MHHHMaJIBHyiO 6aJIBHOCTB 3CpHa 
CTpyKTypBi MeTajuia totoboto npo(j)njni. 

TpeTHH BapnaHT xapaKTepH3yeTca 
MHHHMaJIBHBIMH Cpe^HHMH 3HaHCHH- 
amh K , h K . , hto o6ecneHHBaeT mh- 
HHMaJIBHBie 3aTpaTBI 3HepTHH H M05KCT 
6bitb peKOMeHAOBaH £jra copTaMeHTa, 
no£Bep5KeHHoro nocjieAyiomeH TepMO- 
o6pa6oTKe, HHBejinpyiomeH pa3Hmjy b 
nojiynaeMBix CTpyioypax. 

BapnaHT 2 jrejraeTCJi KOMnpOMncc- 
HBIM H M05KCT 6BITB HCn0JIB30BaH 

nojiyneHna npotjmjien c hcbbicokhmh 
T pedoBamniMH k CTpyKType, ho no3BO- 
JI^IOmHH CHH3HTB 3aTpaTBI 3HCpTHH flJIH 

npOKaTKH npotjmjien. 

3aKjnoneHHe. TaKHM o6pa30M, npo- 
Be^eHHBiii aHajiH3 h Mo^ejinpoBaHne 
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Kajin6pOBKH BajiKOB copTOBoro CTaHa 
«350» npn BapBHpOBaHHH Taicnx na- 
paMeTpOB KaK OTHOHieHHe CTOpOH He- 
paBHOo chbix KajinGpOB (oBaji, pe6pOBoii 
OBaJl) H K03tj)tj)HIJHeHT0B BBIT5DKKH B 
npe^HHCTOBBIX H HHCTOBBIX KJieTUX nO- 
Ka3ajin bo3mo}khoctb pa3pa6oTKH pa- 
I^HOHaJIBHBIX CXeM KaJIH6pOBKH no KpH- 
TepH^M «jiyHinaa npopa6aTBmaeMOCTB 
CTpy KTyp BI» HJIH «MaKCHMaJIBHaa 3Hep- 
T03(j)tj)eKTHBH0CTB». 
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UDC 621.771.014-415 

IMPROVING THE EFFICIENCY OF THE 
PARTICULARLY NARROW STRIPS 
PRODUCTION TECHNOLOGY ON THE 
BASIS OF NEW SOLUTIONS IN THE 
ROLLING THEORY* 

E. Garber, Doctor of Technical sciences, Full Professor 
I. Kozhevnikova, Candidate of Technical sciences, Associate 
Professor 

Cherepovets State University, Russia 

During the period between 2000 and 2012 scientists of the 
Cherepovets State University together with specialists representing 
ferrous metallurgy companies carried out a series of theoretical, 
experimental and industrial studies and development works aimed at 
improvement of the effectiveness of ultra light gage strips production 
on hot and cold rolling mills. 

Keywords: rolling process, rolling mill technology, ultra light 
gage strips, rolling theory, hot rolling, cold rolling. 

Conference participants 

B pa3BHTHH JIHCTOnpOKaTHOrO npo- 
H3BO£CTBa Pocchh b nocjieAHne 
£ec5rrajieTH;i npoRBHjiHCB cne^yiomHe 
xapaKTepHtie tchachahh: 

Poct TpedoBaHHH k noKa3arejuiM 
KauecTBa tohkhx jihctob (Mexamme- 
CKHM CBOHCTBaM, TOHHOCTH pa3MepOB, 
njIOCKOCTHOCTH, HHCTOTe nOBepXHOCTH), 

HTO CBR 3 aHO C pa 3 BHTHCM aBTOMoOHJIb- 
hoh npOMBmijieHHOCTH h piiAa Apyrnx 
OTpacneh ManiHHOCTpoeHHii. 

HeodxOAHMOCTB 3KOHOMHH BCeX 
bhaob peeypeoB, yMeHBineHHa cedecTO- 
HMOCTH npOAyKIfHH, B TOM HHCJie - 3a 
eueT CHH}KeHHa paexo^a MeTajuia h 3a- 
TpaT 3JieKTp03HepTHH. 

IIOA B03AeHCTBHeM 3THX TCHfleHIfHH 
b eopTaMeHTe, tcxhohothh h odopyAO- 
BaHHH flehcTByiomHx HiHpOKonojiocHBix 
CTaHOB ropaueH h xojioahoh npoKaTKH 
npOH30HIJIH dOJIBHIHe H3MeHeHH^. K HX 
HHCJiy othochtch yMeHBHieHne ocboch- 

HOH TOJ1IUHHBI KaK TOpRHeKaTaHBIX, TaK 
H XOJIO^HOKaTaHBIX nOJIOC. 

Ha pfl/je HiHpOKonojiocHBix CTaHOB 
ropauen npoKaTKH ocbohjih nporo- 

BOACTBO CTaJIBHBIX nOJIOC TOJIIAHHOH 

AO 0,8- 1,2 mm, paHee othochbhihxcii k 
eopTaMeHTy HiHpOKonojiocHBix CTaHOB 
xojioahoh npoKaTKH, Tax xax MHorne 
npeAnpHATHfl MaiHHHOCTpoeHHfl h CTpo- 
HTenBHOH HH^ycTpHH nepenijiH Ha hc- 
nonB30BaHHe donee AemeBtix tohkhx 
ropnueKaTaHBix nojioc no cue toto, xax 


YAK 621.771.014-415 

nOBBIIHEHHE 3<T<I<EKTHBHOCTH 
TEXHOJIOTHH HPOH3BOACTBA OCOBO 
TOHKHX nOJIOC HA OCHOBE HOBBIX 
PEIHEHHH B TEOPHH nPOKATKH 


Tapdep 3. A., A-p TexH. Hayx, npoi}). 
Ko5KeBHHKOBa H.A., KaH^. TexH. Hayx, aoiicht 
U epenoBeifKHH rocy^apCTBeHHBiii yHHBepcHTeT, Poeenn 

YueHBie HepenoBeuKoro roeynapCTBeHHoro yHHBepcnTeTa co- 
BMecTHO co cneunajincTaMH npeAnpmrmn nepHon MeTajuiyprnn bbi- 
nojiHHjin b 2000-2012 r.r. pan TeopeTnuecKHx, 3KcnepHMeHTajiBHBix, 
npOMBimjieHHtix nccnenoBaHnn n pa3padoTOK, HanpaBjieHHtix Ha no- 
BBimeHHe 3(j)(j)eKTHBHOCTH npOH3BOnCTBa TOHKHX CTaJIBHBIX nOJIOC Ha 
CTaHaX TOpaneH H XOJIOAHOH npOKaTKH. 

KjnoHeBbie cjioea: npouecc npoKaTKH, TexHOJiormi npOKaTHoro 
npOH3Boa,CTBa, ocodo TOHKHe nojiocBi, TeopHH npoKaTKH, ropanaa npo- 
KaTKa, xojionHaa npoxaTKa. 

Y HaCTHHKH KOH(|jepeHUHH 

jiothh toto nepno^a. HeodxoAHMO dBino 
npOBepHTB HX npHTOflHOCTB H3MC- 

HHBHIHXCn COpTaMeHTa H TeXHOJIOTHH. 

YMeHBHieHHe OCBOCHHOH TOJIDUHHBI 
nonoe npHBeno k poeiy eyMMapHBix h 
uacTHBix odncaTHH Ha ^eHCTByiomHx 
HiHpOKonojiocHBix CTaHax ropHuen h XO- 
JIOAHOH npOKaTKH, HTO BBI3BaJIO yBejin- 
ueHne chji npoKaTKH h pacxoAa 3HeprnH, 
npn 3 tom b pnne ejiyuaeB Harpy3Ka Ha 
y3JiBi padouHx KjieTen h mohjhoctb abh- 
raTenen rnaBHoro npHBO^a hobbichjihcb 
AO 3HaueHHH, He npeAycMOTpeHHBix na- 
enopTHBiMH xapaKTepHCTHxaMH odopy- 
AOBaHnn. Heodxo^HMO dBino npoaHajin- 
3HpOBaTB TOHHOCTB KJiaCCHHe CKHX MeTO- 
A ob 3HeprocHnoBoro paeueTa npoifeeeoB 
npOKaTKH, OlfeHHTB HX npHTOnHOCTB 
H3MeHHBIHHXCn yCJIOBHH padOTBI CTaHOB 
ropauen h xojioahoh npoxaTKH. 3 to CBn- 
3aHO e TeM, hto npn npOKance tohkhx 
nonoe b ouarax Ae^opMaipoi padounx 
xneTen, Hapn^y e njiacTHuecKHMH 30- 
HaMH, HMeiOTca ynpyrne ynacTKH, npn- 
ueM e yMeHBineHHeM tojihjhhbi nonocBi 
npOT5DKeHHOCTB ynpymx yuacTKOB yBe- 
JIHHHBaeTCH. B dOJIBHIHHCTBe KJiaCCHHe- 
ckhx MeTOflHK 3HeprocHjiOBoro pacneTa 
npe^ycMOTpeHO onpeAejieHHe ^jihhbi 
ynpyrnx yuacTKOB, OAHaxo npn paeue- 
Te KOHTaKTHBix Hanp5DKeHHH b ynpyrnx 
yuacTKax HcnonB3yeTcn ypaBHeHHe njia- 
CTHHHOCTH [1, 2, 3], TO eCTB He yHHTBIBa- 
eTcn tot (J)aKT, hto 3to ypaBHeHHe npn- 


yBeJIHHHJIHCB HX npOHHOCTB, miacTHH- 
HOCTB, H ynyHHIHJIOCB KanecTBO nOBepX- 
HOCTH. 

Ha HiHpOKonojiocHBix CTaHax xo- 
jioahoh npoxaTKH, npenHa3HaueHHBix 
npOH3BO^CTBa XOJIOAHOKaTaHBIX nO- 
JIOC TOJIHJHHOH AO 0,5 MM aBTOMOdHJIB- 
HOTO H KOHCTpyKIfHOHHOTO COpTaMeHTa, 
ocbohjih npoxaTKy nojioeoii ao 0,2-0, 3 
mm, He np e Ay cm OTp e hhbix naenopTHBi- 
MH xapaKTepHCTHxaMH 3THX CTaHOB, C 
}KecTKHMH AonyexaMH no pa3HOTOJi- 
IAHHHOCTH H njIOCKOCTHOCTH. 

Yxa3aHHBie H3MeHeHnn COpTaMeHTa 
npHBejiH k B 03HHKHOBeHHio p^Aa npo- 
djieM b 3KcnjiyaTaifHH AencTByioiAHx 
HIHpOKOnOJIOCHBIX CTaHOB TOpIIHeH H XO- 
jioahoh npoxaTKH. Otmcthm Handojiee 
eymecTBeHHBie H3 othx npodjieM. 

HtoObI BBinOJIHHTB B03pOCHIHe 
TpedoBaHHn k tohhocth pa3MepOB h 
njIOCKOCTHOCTH nOJIOC, B03HHKJia He- 
odxOAHMOCTB MOAepHH3aifHH CHCTCM 
ynpaBjieHHn TexHOJiorHnecKHM npoifec- 
com h yBejiHuemw tohhocth pacneTa 
pe5KHMOB npOKaTKH Ha HenpepbIBHBIX 
CTaHax (pacnpeAejieHHn MencAy kjicthmh 
od)KaTHH, CKOpOCTeil H HaTIDKeHHH, TeM- 
nepaTypHoro pe)KHMa, npoijmjinpOBOK h 
pencHMOB oxjiancAeHHn BajiKOB h nojioc). 
3th pacneTBi ocHOBBiBajiHct Ha MeTOAax 
KJiaCCHHeCKOH TeOpHH npoxaTKH, pa3- 
padoTaHHbix b 40 x -70 x roAax 20 Bexa 
npHMeHHTejibHO k eopTaMeHTy h tcxho- 


* CTaTbH BbinojiHeHa b paMKax 01^11 «HayHHbie h HayHHO-nenaroraHecKHe Kanpbi liHHOBaniiOHHoii Pocchh» (rocyAapcTBeHHbifl koh- 
TpaKT Ko 16 . 740 . 11.0032 ot 01 . 09.2010 r.). 
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MeHHMO TOJIBKO £JHI njiaCTHHCCKOH 30 HBI 

onara ^etjiopMaipiH. 

^aHHBie o tom, Kaicyio norpeniHOCTB 
BHOCHT B OHepTOCHJIOBOH paCHCT £0- 
nymeHHe o npHMeHHMOCTH ypaBHeHHH 
njiacTHHHO cth k ynpyrHM ynacTKaM 
onara ^ecjiopMaipiH, b jinreparype no 
Teopnn n TexHOJiornn npOKaTKH OTcyT- 
CTBOBajin. Me^y TeM npn xojio^hoh 
npoxaTKe Han6ojiee tohkhx nonoc #jih- 
Ha ynpyrnx ynacTKOB, pacenHTaHHan 
no H3BecTHBiM (JiopMyjiaM [1, 2, 3], #o- 
CTnraeT 50 % n 6ojiee ot o6men ajihhbi 
onara fletjiopMaijHH, nosTOMy ^aHHBin 
Bonpoc b hobbix ycjiOBHux npHoOpeji 
OojiBmyio aKTyajiBHOCTB. 

PeniaTB 3a^ann noBBiinemm Kane- 
CTBa TOHKHX nOJIOC H COBepHieHCTBOBa- 
HHH TeXHOJIOTHH mnpOKOnOJIOCHBIX CTa- 
hob ropanen n xojioahoh npoKancn c nc- 
nojiB30BaHneM mctoahk OHeprocHjiOBO- 
ro pacneTa, ^aiomHx Taxne OojiBinne no- 
rpeniHOCTH, 6BIJIO HeB03M05KH0. JIomKa 
TexHnnecKoro pa3BHTHn coBpeMeHHoro 
jincTonpOKaTHoro npOH3BO£CTBa npn- 
Bena k Heo6xo^HMOCTH aHajiH3a npnnnH 
3HannTejiBHBix norpenmocTen pacneTa 
no KjiaccnnecKHM MeTO^HKaM 3Heprocn- 
jiobbix napaMeTpOB ninpOKononocHBix 
CTaHOB, oco6eHHO npn npoxaTKe Han6o- 
jiee tohkhx nonoc no TexHOJiorHnecKHM 
pe)KHMaM, He npe,aycMOTpeHHBiM nepBO- 
HanajiBHBiMH npoeKTaMH. 

,D,jni ynpaBjieHna eoBpeMeHHOH 
TexHOJiOTHen JincTonpOKaTHoro npo- 
H3BO^CTBa H nO^TOTOBKH TeXHOJIOTOB, 
cnocoOHBix pa3pa6aTBiBaTB 3Hepro3(j)- 
^eKTHBHBie TexHOJiOTHnecKHe pokhmbi 
npOH3BO^CTBa TOHKHX nOJIOC MHpOBOTO 
ypOBHn KanecTBa, HeoOxo^HMBi HOBBie 
MOAejiH h MeTO^Bi 3HeprocHjiOBoro pae- 
neTa npoijeeeoB ropanen h xojio^hoh 
npOKaTKH. 

HannHan c 2001 ro^a, HaMH bbi- 
nojiHeH KOMnjieKC TeopeTHnecKHx, 3 kc- 
nepHMeHTajiBHBix h npOMBmuieHHBix 
Hcejie^OBaHHH npoi^eccoB ropuneii h 

XOJIOAHOH npOKaTKH Ha HIHpOKOnOJIOC- 
hbix CTaHax. TeopeTHnecKne Hcejie/jo- 
BaHHH BejiHCB b pycjie ochobhbix nojio- 
}KeHHH HayHHOH HIKOJIBI A.H. H,eJIHKOBa 
- nyTeM pa 3 pa 6 oTKH MareMaTHnecKHx 
MOAeJieil B 3 aHMOCB^ 3 aHHBIX TeXHOJIOTH- 
neCKHX, KOHCTpyKTHBHBIX H 3 HepTOCH- 
jiobbix napaMeTpOB HiHpOKonojiocHBix 
CTaHOB, 6 a 3 HpyioHZHxc 5 i Ha MexaHHKe 
cnjioniHOH cpe^Bi, Teopnax ynpyrocTH h 
njiaCTHHHOCTH. 
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B KanecTBe ochobhoto HHCTpyMeHTa 
Ana pa3pa6oTKH Mo^ejieH 6 biji BBiOpaH 
aHaJIHTHHeCKHH MeTOA, npHMeHeHHBIH B 
CBoe BpeMn A.H. LJcjihkobbim npn C03- 
^aHHH KJiaCCHHeCKOH TeOpHH npOKaTKH, 
a HMeHHO - cocTaBjieHHe h pememie ch- 
CTeMBi ypaBHeHHH, xapaKTepH3yiomHx 
Hanp5DKeHHO-^e(J)opMHpyeMoe coctoh- 
HHe h ycuoBHa TpeHHH nojiocBi b onare 
/jetjiopMaijHH. 

Han6ojiee cymecTBeHHBie hobbic 
nojio}KeHHa pa3pa6oTaHHBix Mo^ejieH b 
K paTKOM H3JI05KCHHH COCTOUT B CJiejjy- 
K>meM: 

Hanp5DKeHH^ b onare Ae(j)opMaipiH 
paOoneH kjicth HiHpOKonojiocHoro CTa- 
Ha onpe^ejunoT ot^cjibho Ha kslukjiom 
ynacTKe: ynpyroro oxa ™, njiacTHne- 

CKOH #e(})OpMaipiH, COCTO^meM H3 ^Byx 
30 h: OTCTaBaHHfl h onepe)KeHH5i, ynpyro- 
ro BOCCTaHOBJieHHH HaCTH TOJIHtHHBI nO- 
jiocbi Ha BBixo^e H3 onara #e({)opMaipiH. 

Ha ynpyrnx ynacTKax, bmccto yejio- 
bhu njiacTHHHO cth, Rim paeneTa Hanpu- 
5KeHHOrO COCTOUHHH nOJIOCBI HCnOJIB3y- 
k> t ypaBHeHHH ynpyrocTH (eooTHome- 
hhh Me^c^y Hanp5DKeHH^MH h ^etjiopMa- 
ipuiMH, ocHOBaHHBie Ha 3aKOHe TyKa). 

,H,ocTOBepHO onpe^ejiaiOTca npo- 
T^DKeHHOCTH Bcex ynpyrnx h njiacTH- 
necKHx ynacTKOB, a TaK^ce KOOp^HHaTa 
ipaHHH,BI Me)K^y 30HaMH OTCTaBaHH^ H 
onepe5KeHH« (HeiiTpajiBHoro ceneHHfl) 
H TOJimHHa nOJIOCBI B HeilTpaJIBHOM ee- 
neHHH. 

Han^eHBi a^eKBaTHBie ajiropHTMBi h 
HHCJ ieHHBie 3HaneHH5I K03({)(J)Hi;HeHT0B 
TpeHHJI H Hanp«}KeHHH TpeHH^, yHHTBI- 
Baiomne enei^H^HKy KOHTaKTHBix yejio- 
bhh ropanen h xojioahoh npOKaTKH, h 
H aJIHHHe (HJIH OTCyTCTBHe) 30H npHJIH- 
naHHJi b onarax ^e(J)opMai^HH. 

npn paeneTe 3 aTpaT 3 Heprnn ynTe- 
HO, HTO BaJIKH COBepHiaiOT nOJie 3 HyK) 
pa 6 oTy tojibko b 30 He OTCTaBaHH^, a b 
30 He onepe}KeHHa nojioea B 03 BpamaeT 
BajncaM nacTB 3 aTpaneHHOH 3 HeprnH. 

npn paeneTe MOMeHTa h MomHOCTH 
ABHraTejien raaBHoro npnBO^a paOonnx 
KjieTen, He HcnojiB3yeTCn npn6jiH»ceH- 
HBIH 3MnHpHHe CKHH K03({)({)Hi;HeHT, BBI- 
pa5KaiomHH OTHOineHHe njiena ycnjinn 
npOKaTKH k ^jiHHe onara ^e(j)opMai^HH, 
h flocTOBepHO onpe^ejiinoTca 3aTpaTBi 
3HeprHH Ha BpanjeHHe xojiocToro onop- 
Horo Bajixa, b tom nnejie hx ocHOBHan 
nacTB - noTepn Ha Tpemie KaneHH^. 

MaTeMaTHnecKHe Mo^ejin npoi^ee- 


cob ropunen h xojio^hoh npOKaTKH, 
ocHOBaHHBie Ha noji05KeHHHx 1-6, o6e- 
enenHBaiOT BBinojiHeHne paeneTOB yen- 
JIHH H MOHJHOCTH npOKaTKH CO Cpe^HeH 
norpeiHHOCTBio 5-7 %, a MaKCHMajiBHOH, 
paBHOH 10-14 % OTHOCHTeJIBHO $aKTH- 
necKHx ycHjiHH h MomHOCTen, CTai^HO- 
HapHO perncTpHpyeMBix b ACY Tn, hto 
b 3-4 pa3a MeHBiue, neM npn paeneTax 
no ^pyrnM MeTO^HKaM. 

no/jpo6Hoe oOocHOBaHHe, anropHT- 
mbi h paeneTHBie ({)0pMyjiBi pa3pa6oTaH- 
hbix MOAejien ony6jiHKOBaHBi b pa6oTax 
[4-9]. 

npHMeHeHHe hobbix TeopeTHnecKHx 
nojio)KeHHH h MaTeMaTHnecKHx Mo^ejieii 
npoi^eeeoB ropunen h xojioahoh npOKaT- 
KH no3BOJiHjio nojiynHTB p npaKTHne- 
CKH 3HaHHMBIX TCXHHHe CKHX peHieHHH. 

Ha ocHOBe hoboh mcto^hkh 3Hepro- 
CHjiOBoro paeneTa npoi^eeea xojioahoh 
npOKaTKH BnepBBie nojiyneHBi MaTeMa- 
THHeCKHe BBIpa5KeHHa ^JIH COOTHOHie- 
HHH Me5K#y CHJiaMH, ^eHCTByiOmHMH Ha 
y3eji pa6oHHx BajiKOB, HCKjnonaiomHx 
pe30HaHCHBie BnOpai^HH b paOonen Kjie- 
TH. npH 3TOM, B OTJIHHHe OT pa 60 T 3apy- 
6e)KHBix enei^HajiHCTOB, npe^JiaraiomHx 
AJia 6opB6BI C BH6pai^H«MH MeTO^BI KOH- 
CTpyKTOpCKoro xapaKTepa (H3MeHeHne 
^HHaMHnecKHx cbohctb KjieTH nyTeM 
BBe^eHHa ^eMn(J)HpyiomHx ycTpoiiCTB 
hjih aKTHBHBix ojicmchtob) h opraHH3a- 
ipiOHHO-TexHOJiorHnecKHe MeponpH^- 
th^ (no^ana ^onojiHHTejiBHoii CMa3KH, 
CHH5KeHHe ckopocth npOKaTKH), npe^- 

ji05KeHHan HaMH MeTO^HKa no3BOJiaeT 
pa3pa6aTBmaTB ycoBepmeHCTBOBaHHBie 
pe}KHMBI npOKaTKH, HCKJHOHaiOmHe B03- 
M05KH0CTB B03HHKH0BeHHH ^BJICHHH pe- 
30HaHca b paOoHHx Kjierax. BHe^peHHe 
yKa3aHHBix pokhmob Ha 5-KjieTeBOM 
CTaHe «1700» HepMK OAO «CeBep- 

CTaJIB» nOJIHOCTBK) HCKJHOHHJIO BH6pa- 
i^HOHHBie npoi^eecBi b paGonnx Kjierax, 
3a eneT nero b 2 pa3a CHH3HjiacB otco- 
pTHpoBKa xojiOAHOKaTaHBix jihctob no 
Ae(|)eKTy «pe6pHCTOCTB», nojiHOCTBio 
HCKjnoneH ^e4)eKT «nojiocBi HarapTOB- 
kh» h yBejiHHHjiacB pa6onan ckopoctb 
CT aHa e 10-12 m/c 18-20 m/c. 

Ha 4-KjieTeBOM h 5-KjieTeBOM CTa- 
Hax xojio^hoh npOKaTKH «1700» BBinoji- 
HeH KOMnjieKC HCCJie^OBaHHH BJIH^HHH 
noji05KeHHn HeiiTpajiBHBix eeneHHH b 
paOoHHx KjieT^x Ha HHCTOTy noBepxHO- 
cth xojio^HOKaTaHBix nojioc h Ha pacxojj 
3HeprHH. 


B pe3yni>TaTe HcntrraHHH rocto - 
BepHO ycTaHOBjieHO, hto cabht Heii- 
TpajiBHoro ceneHHfl b pa6oneH kjicth 
Bnepe^ no xo^y npoKaTKH yMeHbinaeT 
KOJinnecTBO 3arpn3HeHHH Ha nonoce, a 
C£BHT B np0THB0n0JI05KHyi0 CTOpOHy 
yMeHbmaeT paexo# 3Heprmi npn npo- 
xaTKe. Ha ocHOBaHHH othx pe3ym>Ta- 
TOB BHe^peHa B npOH3BO£CTBO HOBail 
TexHOJiormi, no3BOJiHBmaa 3HaHHTejn>- 
HO yjiyHHIHTB HHCTOTy nOBepXHOCTH H 
nonoc h chh3htb paexo# 3HepTHH Ha 
4-8 %. 

B pe3ynBTaTe Hccjie^OBaHHH, npoBe- 
^eHHBix Ha 5-KjieTeBOM h ^peccnpoBOH- 
hom CTaHax «1700» nxn HepMK OAO 
«CeBepCTajiB», ycTaHOBjieHBi npHHHHBi 
nO^BJieHHH HenjIOCKOCHOCTH XOJIOAHO- 

KaTaHBix nonoc, k hhm othochtch ^e- 
(JjeKTBi nonepenHoro npo(J)Hjia no^KaTa, 
npO^OJIBHafl pa3HOTOJIH^HHHOCTB TIOR- 
KaTa, HeTOHHOCTH HaCTpOHKH CTaHa xo- 
JIO/JHOH npOKaTKH (HJIH flpeCCHpOBOHHO- 
ro CTaHa) h /jonojiHHTejiBHBie (JiaKTOpBi, 
npOH3BO^HBie OT (J)aKTOpOB, yKa3aHHBIX 
BBIHie. 

J\jlK BBIpa60TKH MepOnpH^THH, 
yMeHBinaiomHx bjihhhhc Ha miocKOCT- 
HOCTB XOJIO/JHOKaTaHBIX nOJIOC HCKa- 
}KeHHH nonepenHoro npotjmjra ropn- 
neKaTaHoro no^KaTa h yjiynmaiomHx 
HacTpOHKy CTaHa xojio^hoh npoKaTKH, 
pa3pa6oTaHa TexHOJiorHHecKan mo- 
fleJIB HenjIOCKOCTHOCTH, CB5I3BIBaK>mafl 
HeCTa6HJIBHBie (j)aKTOpBI tcxhojiothh c 
noKa3aTeiniMH hchjiockocthocth - bbi- 
cotoh h rnaroM bojihbi (Kopo6a). 

BHe^peHHe ycoBepmeHCTBOBaHHBix 
TeXHOJIOTHHeCKHX pOKHMOB B npOH3- 
BO/JCTBO yMCHBHIHJIO OTCOpTHpOBKy no 
HenjIOCKOCTHOCTH xojio^HOKaraHBix no- 
jioc b 2 pa3a. 

Ha 6-KjieTeBOM CTaHe ropunen npo- 
KaTKH «1700» 6bijih BBinojiHeHBi hc- 
CJie^OBaHH^ BJIHUHHH TeXHOJIOTHHeCKHX 
napaMeTpOB pe5KHMa npoKaTKH Ha toh- 
hoctb ropflHeKaraHBix nojioc. B pe3yjiB- 
TaTe ycTaHOBjieHO, hto yMeHBHieHHe 
o6)KaTHH b nocjie^HHx Kjiemx hhctoboh 
rpynnBi HenpepBiBHoro niHpOKonojioc- 
hoto CTaHa ropuneH npoKaTKH npHBO^HT 

K CHH5KCHHIO KOJie6aHHH TOJimHHBI nO- 

jiocbi, HanHHan c KjieTH JNfo 4, b pe3yjiB- 
TaTe Ha BBixo^e H3 6-KjieTeBoro CTaHa 
npO^OJIBHaH pa3HOTOJimHHHOCTB h pa3- 
HOHIHpHHHOCTB nOJIOCBI yMeHBHiaiOTCfl 

b 1,7-2 pa3a, a pacxo^ 3HeprHH npn npo- 
Kance eoKpamaeTcn Ha 3-8 %. 
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MODELING THE SYSTEM OF 
SAFETY MANAGEMENT FOR THE 
REFRIGERATED CHICKEN MEAT 
PRODUCTION CHAIN 

M. Morozova 1 , Postgraduate student 
V. Maligina 2 , Doctor of economic sciences, Full Professor, 
Head of a Chair 

Luhansk National University named after Taras Shevchenko, 
Ukraine 1 

Donetsk National University of Economics and Trade named 
after M. Tugan-Baranovsky, Ukraine 2 

The security system model for the refrigerated poultry production 
chain (particularly broiler-chicken) is studied in the article. The 
system model is developed and its economical efficiency is defined in 
concordance with peculiarities of the poultry production technology. 

Keywords: control, safety, system, model, HACCP, poultry meat, 
efficiency. 

Conference participant 


MOflEJIHPOBAHHE CHCTEMBI 
ynPABJIEHHR EE30nACH0CTbK) 
flJia UEnH nPOH3BO^CTBA 
OXJ 1 A /KTlFHHOm MRCA EPOHJIEPOB 

Mop030Ba (CyecKaa) M.H. 1 , acnHpaHT 
MajiBirHHa B #-p okoh. HayK, npoij)., 3aB. Katjie/jpOH 
JlyraHCKHH HaifHOHajiBHBiH yHHBepCHTeT hm. T. lIIeBHeHKO, 
YKpaHHa 1 

fl,OHeifKHH HaifHOHaJIBHBIH yHHBepCHTeT 3KOHOMHKH H 
TOproBjiH hm. M. TyraH-EapaHOBCKoro, YKpaHHa 2 

B CTaTEe paccMaTpHBaeTca MOjjejib chctcmei ynpaBjieHHa 6 e 3 - 
onacHOCTEio /iJia penn npon 3 BO/i,CTBa oxjiaacjjeHHoro Maca nmuEi, b 
nacTHOCTH uEinjiaT-fipofijiepOB. B cootbctctbuh c ocofiemiocTaMH 
TexHOJiornn npoH 3 BOjtCTBa Maca nTHUEi pa 3 pa 6 oTaHa MOjtejibHaa ch- 
CTeMBi n onpejjejieHa ee 3 KOHOMHnecKaa aijxjieKTHBHOCTb. 

KjnoneBbie cjioea: kohtpojie, 6 e 3 onacHOCTE, cncTeMa, MojjejiE, 
HACCP (XACCn), mhco nTHitbi, uEinjiaTa-dpOHjiepbi, atjHjieKTHB- 

HOCTB. 

YnaCTHHKH KOHtjiepeHLIHH 


BHeapemie CYE eKcnepTaivin 
KOHca.iTHHroBoro areHCTBa 

3aTpan>i m 



Phc. 1. CTpyKTypa 3aTpaT Ha pa3pa6oTKy h BHejjpeHne chctcmm ynpaBjiemiH 
6e3onacHOCTbio KOHcajiTHHroBbiM areHTCTBOM 


B ycnoBHax aKTHBH3au,HH npoijecca 
rno6ajiH3aifHH pemeHHe npodneMBi 
odecneneHHa bbicokoh okohomhucckoh 

CTOHKOCTH npe/fnpHtfTHH HeB03M05KH0 
6e3 yneTa TpedoBamoi eoBpeMeHHBix 
CTaH^apTOB OTHOCHTenBHO BHe^peHHa 
rapaHTHH 6e3onacHOCTH npo^yKi^HH. B 
YKpaHHe /jaHHaa npodneMa npnodpeTa- 
eT aKTyanBHOCTB jjm npoH3BO^HTeneH 
nnmeBOH npo^yKijHH, oeodeHHO jjim 
npOH3BOAHTeneH Maca ijBinjiaT-dpOHjie- 
pOB, nocKOJiBKy HapymeHHe CTaH^apTOB 
6e3onacHOCTH b 3tom ejiynae 03HanaeT 
He tojibko (JiHHaHCOBBie noTepH, HO H 
B03HHKH0BeHHe yrp03BI £Jia 3£OpOBBa 
uenoBeKa. 

Cne^yeT otmcthtb, hto 3KcnopT nn- 
meBOH npOAyKifHH, Ha eBponencKHH h 
aMepHKaHCKHH pBIHKH, HCB03M05KeH £Jia 
npe^npHaTHH, KOTOpBiH He hmciot BHe- 
^peHHOH CHCTeMBi ynpaBjieHHa 6e3onae- 
hoctbk). YuHTBiBaa ^aHHBie yejiOBHa, 
yKpaHHCKHe npOH3BO^HTenH nnmeBOH 
npO^yKHHH, KOTOpBie CTpeMflTCfl K JIH- 
^epCTBy b KOHKypeHTHOH 6opB6e b ye- 
jiOBHax HaifHOHanBHoro h 3apy6eacHBix 
pBiHKOB, yac e eero^Ha aKTHBHO pa3pa6a- 
TBmaiOT h BHe^paiOT CHCTeMy ynpaBjie- 
HHa 6e3onacHOCTBio. 

YuHTBiBaa, hto npHHifHnBi HACCP 
(HazardAnalysisandCriticalControlPoin 
ts) aBjiaiOTca KOHifenTyaaBHOH ochoboh 
nnmeBOH h nepepadaTBiBaiomeH npo- 
MBimjieHHOCTH, £jia Bcex npejmpnaTHH 
OTKpBiBaeTca bo3mo)khoctb hx BHe^pe- 
HHa Kax oaeMeHTa chctcmbi ynpaBjieHHa 
6e3onacHOCTBio c ijejiBio HflemiujiHKa- 
ifHH h oifeHKH pHCKa £jia odecneneHHa 
BBinycxa Ha Bcex 3Tanax TexHOJiorHue- 
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ckoto npoifecca KanecTBemiOH h 6e3- 
onacHOH nnmeBOH npo^yKifHH. 

Ha ocHOBaHHH o630pa HayuHon 
jiHTepaTypBi, npaKTHue ckoto onBiTa 

OTenecTBeHHBix npe^npHaTHH h co6- 
CTBeHHBix HccjiejfOBaHHH 6Buia pa3pa- 
6oTaHa MO^ejiB chctcmbi ynpaBjieHHa 
6e3onacHOCTBio «XACCn - dpoiijiep- 
Hoe npOH3BO£CTBO». KoHifemyajiBHOH 
ochoboh aBTOpCKoro MOflenHpOBaHHa 
CHCTeMBi ynpaBjieHHa 6e3onacHOCTBio 
AJia uenn npOH3BOjtCTBa oxjiaac^eHHoro 
Maca dpoiijiepOB aBjiaeTca a^anTaifna 
npHHifnnoB XACCn h TpedoBaHHH ISO 
22000 ,zyia nTHifenepepadaTBiBaiomHx 
npe^npHaTHH. 

npOH3BOACTBeHHBie HCnBITaHHa 
npOBO^njiH b ycjiOBHax ji Byx npe/jnpH- 
aTHH, a HMeHHo: «fl,HaHOBCKaa imme<j)a- 
6pHKa» h «MnpOHBCKaa immecJiaGpH- 


Ka». J \ Jia npOH3BOACTBeHHOH npaKTHKH 
npejtnpnaTHa «J\umoBCKm nTHuetJja- 
6pHKa» npoBO^HjiH BHe^peHne chctcmbi 
ynpaBjieHHa 6e3onacHOCTBio Ha ocHOBe 
pa3pa6oTaHHon Mo^ejiH «XACCn - 
dpoiijiepHoe npOH3BO^CTBO». B paKyp- 
ce pa3pa6oTaHHoii Mo^ejin «XACCn 

- dpoiijiepHoe npOH3BO^CTBO» AJia 
«Mhpohobckoh nTHife(Jia6pHKH» npOBe- 
^eHa onTHMH3 aifna cymecTByiomeH Ha 
npe^npHaTHH HHTerpajiBHOH chctcmbi 
ynpaBjieHHa KanecTBOM h 6e3onacHO- 
CTBIO. 

Pe3yjiBTaTBi HCCJie^OBaHHa noKa3a- 
jih, hto npe^JiaraeMaa MO^ejiB «XACCn 

- dpoiijiepHoe npOH3BO^CTBO» ^ Jia ifenn 
npOH 3 BO#CTBa oxjiaac^eHHoro Maca 
dpoiijiepOB no3BOJiaeT yMeHBHiHTB 3a- 
TpaTBi, CBa3aHHBie e pa3pa6oTKoii h 
odejiyacHBaHHeM chctcmbi ynpaBjieHHa 



Phc. 2. CTpyKTypa 3aTpaT Ha pa3pa6oTKy h BHe/jpeHne chctcmm ynpaejieHHH 
6e3onacHOCTbio Ha ocHoee MO^ejiH «XACCII - GpoiiJiepHoe npoH3BOACTBO» 



Phc. 3. Tpa^HHecKHe Mo^ejiH 
noKa 3 aTejieil 3 KOHOMHHecKaa 
3 (|)(|)eKTHBHOCTb H /JOnOJIHHTCJIbHaSI 
lipilObUlb 



Phc. 4. Tpa^HHecKaa TpexMepHaa 
MO^ejib nepno/ja OKynaeMOCTH 
H 3 pacxoaoBaHHbix KanHTajibHbix 
BJIOHCeHHH CBH 3 aHHbIX C pa 3 pa 60 TK 0 H 

h BHeapeHHeM CYB Ha ocHOBe 
Mo^ejiH «XACCII - 6 poiiJiepHoe 

npOH 3 BOACTBO» 

6e3onacHOCTBio. 3aTpaTbi Ha pa3pa6oTKy 
h BHe^peHHe mo^cjih chctcmbi ynpaBjie- 
hhh 6e3onacHOCTBio «XACCII - 6pOH- 
JiepHOe npOH3BOACTBO» CpaBHHBaJIH c 
3aTpaTaMH CB^3aHHBiMH c npoBe^eHHeM 
aHajiorHHHOH pa6oTBi Ha npe^npH^THH 


«,D,HaHOBCKaji mrmec[)a6pHKa» no «Tpa- 
£HIJHOHHOH» CXeMe, T.e. npH yCJIOBHH 
npHBjieneHHa KOHcanTHHroBBix KOMna- 
hhh KOMneTeHTHBix b Bonpocax no pa3- 
pa6oTKe cncTeMBi ynpaBjieHHn 6e3onac- 
hoctbk) (flajiee CYB). 

Ha pHcymce 1 h 2 npeACTaBjieHa 
CTpyKTypa 3arpaT hco6xoahmbix Rim 
BHe^peHHa b npOH3BO£CTBO CYB 3a jxsy- 
m a HanpaBjieHHAMH: 

- CYB pa3pa6aTBiBaeT KOHcajiTHHro- 
Boe areHTCTBO (pnc.l); 

- BHe^peHne CYB np0H3B0£5iT Ha 
ocHOBe Mo^ejin «XACCn - 6 pOHjiepHoe 
npOH 3 BO^CTBO» (pHC. 2 ) 

Kax noKa3BiBaiOT /jaHHBie pncyHKa 
1, b CTpyKType 3aTpaT Ha pa3pa6oTKy h 
BH e^peHne CYB 6ojibhic hojiobhhbi 3a- 
TpaT (72%) npHxo^HTca Ha MaTepnanB- 
HBie 3aTpaTBI, KOTOpBie CBJmHBI CO 3Ha- 
HHTeJIBHBIMH KanHTaJI0BJI05KCHH5IMH B 

npOH3BO£CTBO h 28% 3aHHMaeT onjiara 
Tpyfla.YKa3aHHBie cctmchtbi 3aTpaT Ha 
pncyHKe 2 CBH^eTejiBCTByiOT o 3Hann- 
TeJIBHOH 3KOHOMHH, KOTOpaJI COCTaBJIUCT 

19%. 3kohomh;i b ashhom cjiynae npo- 
hcxo^ht 3a neT yMCHBrnemni kojihhc- 
CTBa BpeMeHH h 3aTpaT Ha onjiaTy Tpy^a 
C0Tpya,HHK0B, KOTOpBie npHHHMaiOT yna- 
CTHe b pa3pa6oTKe CYB. 

Hccjie^OBaHne okohomhhcckoh 
3(J)(J)eKTHBHOCTH 3KCnepHMCHTaJIBHOH 
MO^ejiH chctcmbi ynpaBjieHHa 6e3onac- 
HOCTBK) flJHI I^enH npOH3BO^CTBa OXJia)K- 
AeHHoro Muca 6poiiJiepOB cnoco6cTBO- 
Bano (J)opMHpoBaHHK) pn/ja MaTeMara- 
necKHx Mo^ejien, KOTOpBie ^eTajiBHBiM 
o6pa30M xapaKTepH3yioT cjie^yiomHe 
noKa3aTejiH: aKOHOMHHecKaa 3(j)(|)eK- 
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THBHOCTB H ^OnOJIHHTCJIBHaH npH6BIJIB, 
cpoK OKynaeMOCTH H3pacxo#OBaHHBix 
KanHTaJIBHBIX BJI05KCHHH CB«3aHHBIX c 

pa3pa6oTKon h BHe^peHHeM CYB Ha oc- 
HOBe pa3pa6oTaHHoii moacjih «XACCn 

- 6pOHJiepHOe npOH3BO£CTBO», 3KOHO- 
MHHeCKaa 3(|)(J)eKTHBHOCTB. 

AHajiH 3 Hpya noKa 3 aTejiH, HanniflHO 
0(j)0pMjieHHBie b BH^e noBepxHOCTen, Ha 
pncyHKe 3, cneflyeT otmcthtb, hto npn 
MO^eJIHpOBaHHH H3MCH5DICH MaKCHMaJIB- 
HBIH o6beM np0^a)K B £CHB, KOTOpBIH 06- 
ycjiaBjiHBaiOT cne^yiomHe nporH03Hpy- 
eMBie ^aKTOpBi: yBenHneHne cera p03- 
HHHHOH TOpTOBJIH H nOBBIHICHHC CnpOCa 
Ha npo^yKHHio. B pe3yjiBTaTe nojiynajiH 
pa3JiHHHBie 3HaneHH^ noKa3aTejieH npn 
pa3JIHHHBIX 3HaneHHaX MaKCHMaJIBHO- 
ro ^HeBHoro o6beMa npo^a)K, KOTOpBiil 
3aAaBajicn cjiynaHHBiMH HHCJiaMH c no- 
MomBio paBHOMepHoro 3axoHa pacnpe- 
^ejieHHu. 

TpacJiHHecKoe H3o6pa5KeHHe kphboh 
nepno^a OKynaeMOCTH 3aTpaT Ha pa3- 
pa6oTKy h BHe^peHne mo/jcjih «XACCn 

- 6pOHJiepHOe npOH3BO£CTBO» (pHCyHOK 
4) noKa3BiBaeT 3aBHCHMOCTB TeMna bo 3- 
BpaTa ^eHOKHBix cpe^CTBa ot o6beMa 
npo^a)K npo^yKHHH. 

C i^ejiBio nojiyneHHn okohomhhc- 

CKOTO 060 CH 0 BaHHH I^eJIHC006pa3H0CTH 
BHe^peHHA pe 3 yjiBTaTa MOAejinpoBaHHn 
chctcmbi ynpaBjieHH^ 6e3onacHOCTBio 
AJin ijenn npOH3BOACTBa oxjia^eHHO- 
ro Muca 6poiiJiepOB onpe^ejiajiH noKa- 
3arejiB peHTa6ejiBHOCTH, rpa^HnecKoe 
H3o6pa)KeHHe xoToporo npe^CTaBjieHO 
Ha pnc. 5. 

^HHaMHKa yKa3aHHan Ha pncyHKe 
5 no3BOJiaeT onpe^ejiHTB, hto pe3Koe 
yBejiHHeHHe peHTa6ejiBHOCTH Ha6jiio^a- 



Phc. 5. Tpa^HHecKan TpexMepHaa 

Mo^ejib opeHKH peHTaSejibHOCTH 
BHeapeHHH CYB Ha ocHoee MO^ejin 
«XACCII - 6 poiiJiepHoe 

npOH 3 BOACTBO» 
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eTCJi no cue flocuDKemra 3HaneHna Max- 
CHMajiBHoro o6ueMa npo^a)K, KOTOpBin 
b #aHHOM cjiynae cooTBeTCTByeT 40 Kr/ 
^eHB n CBH^eTejiBCTByeT o 3HaHHTejn>- 
hom 3anace HHBecTHijHOHHOH CTaOnjiB- 
HOCTH aBTOpCKOH MO^eJIH CHCTCMBI 
ynpaBjieHna 6e3onacHOCTBio rjvl ijenn 
npOH3BO^CTBa oxjia^c^eHHoro Maca 
6ponjiepOB. 

TaKHM o6pa30M, npOBe#eHHoe nc- 
cjie^OBaHne noKa3ajio, hto pacneTBi 
o6njen ctohmocth pa3pa6oTKH n BHe- 
jypGimn cncTeMBi ynpaBjieHna 6e3onac- 
hoctbk) ajm ijenn npon3BO£CTBa oxjia)K- 
^eHHoro MJica 6ponjiepOB «XACCII - 
6pOHJiepHOe npOH3BO£CTBO» CBH^eTeJIB- 
CTByioT 06 3KOHOMHH b pa3Mepe 19% 

OTHOCHTeJIBHO CTOHMOCTH aHaJIOTHHHBIX 
ycjiyr KOHcajiTHHroBoro np e^np hatha , 
HTO npOHCXO^HT Ha OCHOBaHHH 3 KOHO- 
mhh onjiaTBi Tpy^a npnBjieneHHBiM k 
pa6oTe c OTpya,HHKaM . 

npH MO^eJIHpOBaHHH 3KOHOMHHC CKOH 
3(j)(j)eKTHBHOCTH npHMCHCHH5I aBTOpCKOH 
pa3pa6oTKH npe^nojiarajin H3MeHeHne- 
MaKCHMajiBHoro o6BeMa npo^a^K b achb, 
HTO n03B0JIHJI0 nOJiyHHTB pa3JIHHHBie 3Ha- 
nerora noKa3arejien npn pa3JinnHBix 3Ha- 
neHHax MaKCHMajiBHoro ^hcbhoto o6BeMa 
npo/ja)K, KOTOpBin 3a^aBajiH cjiynanHBiMH 
HHCJiaMH C nOMOIHBIO paBHOMepHOTO 3a- 
KOHa pacnpe^ejieHHH. B pe3yjiBTare ycTa- 
HOBHJIH, HTO peHTa6eJIBHOCTB HaHHHaeT 
pe3KO yBejiHHHBaTBca npn o 6 bcmc npo^a)K 
cooTBeTCTByiomeMy 40 kt/^chb. 
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In this work authors make the comparative survey of structural 
transitions into the synthetic rubbers using the following methods: 
scanning calorimetry, infrared spectroscopy. The discriminant analysis 
of the binary comparison of spectrums in the canonical variant 
was used for interpretation of results of the frequency analysis. The 
analysis of features of behavior of various synthetic rubbers at presence 
of the mix of fullerenes was made. The influence of fullerenes in 
macromolecules of studied synthetic rubbers was shown. The efficiency 
of the discriminant analysis in the canonical variant is shown. The 
mechanism of interaction of injected fullerenes with the polymeric 
basis is considered. Groups of synthetic rubbers able to interact with 
the injected modifier are determined. 

Keywords: polymer, fullerene, infrared spectroscopy, thermal 
analysis, scanning probe microscopy. 
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<DH3HKO-XHMHHECKHE 
B3AHMO£EHCTBH*I YrJIEPO^HblX 
OYJIJIEPEHOB C MAKPOMOJIEKYJIAMH 
nOJIHMEPOB PA3JIHHHOH 
CTPYKTYPH 

HHHBapHH A.B. 1 , KaH£. XHM. HayK, £OIjeHT 
HryMeHOBa T.H. 2 , oh/c TexH. HayK, ^oifeHT 
CTapOOCKOJIBCKHH TeXHOJIOTHHeCKHH HHCTHTyT HM. A. A. 
YrapOBa ((jmjiHan) HaijHOHajiBHoro HCCne^OBarejiBCKoro 

TexHOJiorHuecKoro yHHBepCHTeTa «MHChC», Poccha 1 
BopOHOKCKHH TOCynapCTBeHHBIH yHHBepCHTeT HH5KeHepHBIX 
TeXHOJIOTHH, POCCH5I 2 

B pa 6 oTe npOBeaem>i cpaBHHTejibHbie nccjieaoBamifl CTpyKTyp- 
hbix nepexoaoB b CK 3 I 1 T, CKA, HK, MeTO^aMH anc})c}tepeHimajibHon 
CKaHHpyiomeH KajiopHMeTpnn n HK cneKTpOKonnH. J\jik HHTepnpeTa- 
unn pe 3 ym>TaTOB cneKTpajibHoro aHanH 3 a npHMeHeH ancKpHMHHaHT- 
hbih aHajiH 3 dnHapHoro cpaBHemw cneKTpOB b KaHOHnnecKOM BapnaH- 
Te. npoBeaeHO HccjieaoBaHne oeodeHHOCTen noBeaemiH pa 3 JiHHHtix 
KayuyKOB b npneyTCTBHH CMeen (JiymiepeHOB. noKa 3 aHO BjinaHne 
cJiymiepeHOB Ha MaKpOMOJieKyjiti nccneayeMbix KaynyKOB. noKa 3 aHa 
3 (J)C|)eKTHBHOCTL /IHCKpHMHHaHTHOrO aHaJIH 3 a B KaHOHHHeCKOM BapH- 
aHTe. PaccMOTpeH MexaHH 3 M BaaHMoaencTBHH bbo/ihmlix (JtyjuiepeHOB 
c nojiHMepHOH ochoboh. BbiHBjieHbi rpynnbi KaynyKOB, cnocodHbie 
B 3 aHMOaeHCTBOBaTb C BBOanMbIM MO/IH^HKaTOpOM. 

RjiioueBbie cjioea: nojiHMep, (jtyjuiepeH, TepMHnecKHH aHajiH3, 
HK-cneKTpocKonHH, CKaHnpyioinaH 30HaoBaa MHKpocKonmi. 

YHacTHHKH Koii(|)epeHUHH, Han,HOHanbHoro nepBeHCTBa no HaynHoii aHannTHKe 


B HacToamee BpeMJi xax OT^enBHoe 
HanpaBjieHHe Hccjie/jOBaHHH b 06 - 
JiaCTH CTpyKTypBI h cbohctb bbicoko- 
MOJieKynapHBIX COejfHHeHHH M05KH0 BBI- 
^eJIHTB HeH3BeCTHBIH MexaHH3M B3aHMO- 
^eiiCTBHa ^yjuiepeHOB c 6 ojibhihhctbom 
nonHMepOB, He yKjia/jBiBaiomHHCfl b 
paMKH KJiaCCHHeCKOH TeOpHH yCHJieHH^ 
nojiHMepHOH MaTpHifbi ymepo^HBiMH 
MarepnanaMH. B cb«3h c coBepmeHCTBO- 
BaHHeM MeTO^OB nojiyueHHa h aHanH3a 
cocTaBa (})yjiJiepeHOBOH ca>KH, co^ep}Ka- 
meh CMecb yrnepo^HBix (jiyjuiepeHOB, 
aKTy ajiBHBiM HanpaBneHneM flBjmeTca 
Hccne^OBaHHe hx bjihuhhji Ha cbohctbu 
nOJIHMepHBIX K0Mn03HIfHH. 

AHanH3 pa^a pe3yjn>TaTOB [1] no- 
3BOJIHJI npe^nojio>KHTF>, hto yrnepo^HBie 
(JiyjuiepeHBi MoryT cny^cHTt He tojibko 
I feHTpOM KpHCTaJIJIH3aifHH b nojiHMep- 
HOH MaTpHIfe, HO H H3MeHHTB (})H3HKO- 
MexaHHuecKHe h xHMHuecKHe CBOHCTBa 
nonHMepa Ha MHKpoypOBHe. 

B KauecTBe odneKTOB Hccne/jOBamHi 
6 bijih BEidpaHEi: yrnepo^Htm HaHOMa- 
TepHan - CMecb (jiyjuiepeHOB ^paKifHH 
C 50 - C 92 , cocTaBa: C 50 - C 58 (14.69%), 
c 60 (63,12%), c 62 - c 68 (5.88%), C ?0 
(13.25%), C 72 - C 92 (3.06%) h nojiHMep ti 
pa3JIHHHOH CTpyKTypBI, a HMeHHOI TO- 
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Phc. 1. AaHHbie TepMHnecKoro aHajiH3a 

(uudeKc «(p» yKasbieaem ua ModucpuKaifUfo ncmuMepa CMecbio (pyjijiepenoe). 


BapHBin nonH3THjieH 100, TOBapHBin no- 
jindyTa^HeH CKA cne^yiomero cocTaBa 


- co^ep)KaHHe ijhc 1,4 3BeHBeB 93%, 
co^ep)KaHHe TpaHC 1,4 3BeHBeB 5%, 1,2 
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KjiaccHcjmuHpyioipaH cnocoSHOCTb ynacTKOB cneKTpa no TnnaM KOJie 6 aHnn 


Tpynna (thhbi xojie6aHHH) 

% XOppeXTHOH XJiaCCH^HXai^HH 

BHenjiocxocTHBie /jetjjopMaitHOHHBie CH ? b bhhhjic 

100,0000 

H05XHHHHBie B CH ? , CH, 

100,0000 

BajieHTHBie C=C b conpjDxeHHBix CHCTeMax 

100,0000 

BajieHTHBie C=C 6e3 conpa»ceHH5i 

88,8889 

BajieHTHBie C-H b CH, CH ? , CH^ 

100,0000 

Bcero 

98,1707 



Pnc.2. CTpyKTypa noeepxHOCTH OKHCJieHHbix njieHOK KaynyKoe: 

a - CKff-nd, 6 - HamypajibHbiu KaynyK, e - CKff-ud, Moducpuijupoeanubiu CMecbfo 
(pyjijiepenoe, z - HamypajibHbiu KaynyK, ModucpuijupoeauHbiu CMecbio 
(pyjuiepeHoe. 


3Bem>eB 2%; HaTypajiBHBiH xaynyx RSS 
(rOCT HCO 1795-96), c co£ep}xaHH- 
eM 1,4 i^HC-3BeHi>eB, 98%; h TpoiiHOH 
conojiHMep - CHHTeTHHecKHH xaynyx 
3THjieHnponHjieHflHeHOBBiH CK3IIT-70, 
c co^ep 5 KaHHeM 2 moji. % 2 - 3 THjiH£eH- 5 - 
Hop6opHeHa. 

Mc>AH(j)HKamia nojiHMepOB (jiyjuie- 
peHOBOH CMecBio yica3aHHoro cocTaBa 
npOBO^HJiacB nyTeM BHecemra Heo6xo- 
flHMOH KOHU,eHTpaU,HH TOJiyOJIBHOrO pac- 
TBopa CMecH (^yjuiepeHOB, b 3% Tcrny- 
ojibhbih pacTBop aHajiH3HpyeMBix xay- 
nyxoB, Tax, hto MaccoBoe cooTHomeHHe 
nojiHMep-MOAH(J)HKaTOp b nepecneTe Ha 
cyxoe BenjecTBO cocTaBHjio 1: 0,03. 

B xanecTBe ocHOBHoro MeTO^a hc- 
cjie^OBaHHa HcnojiB30BanH mcto# jpnj)- 
(JjepeHi^HajiBHoii cxaHHpyiomeH xajio- 
pHMeTpHH b HHTepBajie TeMnepaTyp ot 
20 ^o 1000°C. fl,aHHBie TepMHnecxoro 
aHajiH3a npe/jCTaBjieHBi Ha pncyHxe 1 . 

AHajiH3Hpyfl npe^CTaBjieHHBie Ha 
pHCyHKe 1 3aBHCHMOCTH, M05XH0 c^ejiaTB 
bbibo£ o tom, hto BBe^eHHe (jjyjuiepeHOB 
npHBOAHT K CMen^eHHIO 3K30- H 3H£Ope- 
axi^HH bo Bcex paccMaTpHBaeMBix xay- 
Hyxax. IlOMHMO 3TOTO npOHCXO^HT 06 - 
pa30BaHHe hoboto nnxa Ha xpHBoii DTA 
y CK3IIT h CKfl, Ha (|)OHe aHajiorHHHBix 
CMemeHHH 3H^o- h 3K30- peaxiprii. 06- 
pa30BaHHe hoboto nnxa h CMememie 
TeMnepaTyp, no3BOJiaeT cy^HTB o hobo- 
o6pa30BaHH5ix b CTpyKType, KOTOpoe, no 
Been BepoaraocTH, h BjieneT 3a co6oh 
H 3MeHeHHe cbohctb. fl,aHHoe aBuemie 
oObacHaeT H3MeHeHne b peojiorHnecxoM 
noBe£eHHH nocjie TepMOo 6 pa 6 oTKH, no- 
CJie KOTOpOTO 06pa3I^BI BHe 3aBHCHMO- 
cth ot THna xaynyxa CTaHOBaTca 6 ojiee 

B5I3XHMH nO CpaBHeHHK) C KOHTpOJIBHBIM 
o6pa3IJOM. YBeJIHHeHHe BJI3XOCTH CHCTe- 
MBI XaX pa3 H M05XeT 6BITB CnpOBOIJHpO- 
BaHO B3aHMOAencTBHeM chctcmbi nonH- 
Mep-(j)yjinepeH. 

onpeAeueHHa MOJiexyjnipHOH 
CTpyxTypBi HcejieflyeMBix nojiHMepOB 
HcnojiB30BajiH MeTOA HK-Oypxe cnex- 
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TpocxonHH HapymeHHoro nojiHoro BHy- 
TpeHHero OTpa5xeHHa (HIIBO) b BapH- 
aHTe c 1 0-THxpaTHBiM npoxo)X£eHHeM 
jiyna nepe3 npo6y h xpHCTami HIIBO. 
Mccjie^OBaHHe npOBO/jHjiH Ha HK- 
OypBe cnexTpOMeTpe NICOLET6700. 
BBi6paHHBiH cnexTpajiBHBin ^Hana30H 
cocTaBHji ot 400 #0 4000cm - 1 . pe- 
THCTpai^HH OnTHHeCXHX XapaXTepHCTHX 
HCnOJIB30BaJIH MOHOJIHTHBie nneHXH 
xaynyxoB, tojhhhhoh 20 mxm, nojiyneH- 
HBie Ha ajiiOMHHHeBOH noAJio}xxe H3 1 
% TOJiyOJIBHBIX paCTBOpOB. OxHCJieHHe 
njieHOx npOBOAHJiH b HH3X0TeMneparyp- 
hoh jiaOopaTopHoii onexTponeHH SNOL 
58/350 npn TeMneparype 100° C. 


BBH^y cxo5xecTH ^aHHBix, nojiyneH- 
hbix MeTO^OM HK cnexTpocxonHH, 6biji 
npOBe^eH perpeccHOHHBiH aHajiH3 no- 
jiyneHHBix pe3yjiBTaTOB, hto no3BOJiHjio 
BBMBHTB CJie^ytOmytO 3aBHCHMOCTB flJM 
pa3JiHHHBix rpynn aHajiH3HpyeMBix no- 
jiHMepOB (Ta6jiHi^a 1) [3]. 

H 3 aHajiH3a TaOjinoBi cne^yeT, hto 
tojibxo BajieHTHBie xojie6aHHa C=C b 
yraeBO^opo^HOH ijenn 6e3 conp5DxeHH;i, 
B03M05XH0, OTHOCJHIJHeCJI X XOHH,eBBIM 
BHHHJIBHBIM TpynnaM HJIH X MOHO- 
MepHBIM BXJHOHCHHflM ajixeHOB, He 06 - 
jia^aiOT 1 00 %-hoh npe^cxa3aTejiBHOH 
enoeoOHOCTBK). «njioxaa» npe^cxa3a- 
TejiBHaa choco6hoctb HexoTOpBix xa- 


paKTepHCTHnecKHx K0Jie6aHHH b rpynne 
npo6 b OTHomeHHH xhmhhcckhx peax- 

H,HH MO)KeT 03HaHaTB, HTO ^eHCTBHe MO- 
AH(j)HKaTOpOB npHBO^HT k HandojiBineH 
AHCnepCHH ^aHHBIX BCJieACTBHe XHMH- 
HeCKHX B3aHMOAeiiCTBHH MO£H(j)HKaTOpa 
HMeHHO c 3toh rpynnoH. 

C I^eJIBIO nO^TBep}K^eHH5I ^aHHOH 
rHnoTe3Bi 6i>ijia ncejie^OBaHa CTpyx- 
Typa noBepxHOCTH ncejieflyeMBix no- 
jiHMepOB. H3MepeHHe npoBO^HjiH 
MeTOAOM CKaHHpyiOmeH 30H£0B0H 
MHKpOCKOnHH C HCII0JIB30BaHHeM C3M 
«NANOEDUCATOR» c (j)OJiB(j)paMO- 

BBIM 30Hfl0M. 

fl,aHHBie, nojiyneHHBie mcto^om 
C3M, rjvl nojiH^neHOB, xax Handojiee 

IIO£Bepe5KeHHBIX B3aHMO,H,eHCTBHK) c 
^yjuiepeHOBOH CMecBio, npe^CTaBjieHBi 
Ha pHcyHKe 2. 

Cne^yeT o6pamTB BHHMaHHe Ha 
«BBirjia}KHBaHHe» CTpyKTypBi okhcjich- 
Horo nojiHMepa no# flencTBHeM bbo/jh- 
MOrO MO^H^HKaTOpa. 

TaKHM o6pa30M, momo npefljio- 
5KHTB CJie^yiOH^HH MexaHH3M (j)H3HKO 

xHMHnecKoro B3aHMOAeHCTBH« (jjyjuie- 
peHOBBix MOJieKyn c MaKpOMOJieKyjiaMH 
HCCJie^yeMBix nojiHMepOB npn hx okhc- 
neHHH: 

Coe^HHeHHe rjik CK3IIT h nojin- 
3THjieHa npOHCxoflHT no KjiaecHHecKOH 
CXeMe B3aHMOAeHCTBH« C aHTHOKC^aH- 
TaMH nepe3 nepeKHCHyio rpynnHpOBKy. 
3HepreTHHecKHH HHTepBaji, paecHHTaH- 
hbih Ha npHcoe^HHeHHe 8-Hjiemioro pa- 
AHKana nojiHMepa (hhcjio 3BeHBeB b3hto 
ycnoBHo) cocTaBjiaeT ot 198.0305 kk3.ii/ 
mojib £0 564.494 Kicaji/MOJiB. 06 3 tom 
CBH^ eTeJIBCTByiOT npOTHBOpeHHBBie 
^aHHBie TepMHHecKoro h HK aHajiH3a: 
CoraacHO JSJA aHajiH3a HMeeT mccto 


B03HHKH0BeHHe nHKa B o6jiaCTH OKHCJie- 
hh n (j)yjuiepeHa, hto CBH^eTejiBCTByeT o 
nepBOHanajiBHOM npHCoe/jHHeHHH khc- 
jiopo^a HMeHHO k HeMy. 

Coe^HHeHHe ^jui ^hchobbix nojin- 
MepOB npOHCxo^HT no cxeMe, aHajiorHH- 
hoh EonaH^y hjih EeBHjiaKya, a B3aHMO- 
AencTBHe c aHTHOKCH^aHTaMH npoTeKa- 
eT b AanBHeiiHieM nepe3 nepeKHCHyio 
rpynnHpOBKy [4, 5]. OHepreTHnecKHH 
HHTepBaji, paccHHTaHHBin Ha npHcoe^H- 
HeHne 8-njieHHoro pa^HKajia nojiHMepa 
cocTaBjiaeT ot 213.4053 KKaji/MOJiB no 
566.771 KKaji/MOJiB. 06 3tom CBH^e- 
TenBCTByiOT no cyTH He MemnomHeen 
xapaKTepHCTHKH npn TepMHHe ckom 

aHajiH3e h ^aHHBie HK Hccjie^OBaHHH 
yKa3BraaiomHe, b cboio onepe^B, Ha xh- 
MHHeCKOe B3aHMOAeHCTBHe. HO ^aHHBIM 
HK aHajiH3a npHeoeAHHeHHe KHCJiopo^a 
MeHee hht6hchbho npn bbcachhh (jiyji- 
jiepeHa k nojiHMepy, no cpaBHeHHio c 
HCXO/JHBIM COCTO^HHeM, TepMHHeCKaH 
CTa6HJIBHOCTB npH 3TOM B03pacTaeT, 
a b npoijeee BOBjieKaiOTCfl pa3JiHHHBie 
cbh3h KaynyKa (oco6eHHO HomiHHHBie), 
Ha hto yKa3BmaeT yninpeHne hhkob b 
eooTBeTCTByiOH^eH o6jiacTH. 3 to no- 
3BOJiaeT c^ejiaTB jiorHHHoe 3aKjnoHeHHe 
O TOM, HTO (j)yjIJiepeHBI npHCOe^HH5HOT K 
ce6e MOJieKyjiBi nojiHMepa no kohi^cbbim 

/JBOHHBIM CBH3HM. 
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CAPABILITIES SEQUESTRATION OF ANTHROPOGENIC EMISSIONS FROM LOW 

FUGITIVE SOURCES 

M.S. Shestavin, PhD, Senior Research Scientist 
Donetsk National University, Ukraine 

The author describes the ways of sequestration of anthropogenic emissions from low (fixed and mobile) fugitive sources, especially greenhouse 
gases (mainly carbon dioxide) and other air pollutants (aerosols, dust, etc.). Existing methods of carbon capture and storage are focused on large 
organized sources (power plants, steel mills, etc.). Author offers “air slagheap” schemes based on the principles of solar chimney and vortexes, 
catching anthropogenic emissions of road transport and other low fugitive sources. 

Keywords: carbon dioxide, C02 sequestration, anthropogenic emissions, fugitive sources, solar chimney, vortex, air slagheap 


T here is now a real place of 
climate change, caused mainly by 
anthropogenic emissions of greenhouse 
gases and the most carbon dioxide (C0 2 ) 
emissions from stationary and mobile 
sources. These reasons were justified and 
the ways of solving problems even in 
the first reports of the Intergovernmental 
Panel on Climate Change (IPCC) [1]. 
The same trends and the outlook for 
global development are confirmed and 
now in the latest IPCC reports and the 
reports of other competent international 
organizations [2]. 

After rigorous economic research 
challenges arising from climate change, 
it was concluded whether intensive 
introduction of new technologies to 
carbon dioxide capture and storage 
(CCS) in the energy sector around 
the world as the main instrument to 
counteract already ongoing processes of 
global climate change [3, 4 ]. 

CCS technology is already being 
developed and implemented in the 
research, pilot and industrial scale, as 
well as identify their future development 
up to 2050, when the use of CCS 
technologies will instead increase of 
C0 2 emissions in 2050 by 130% from 
2005 levels to achieve reduction of C0 2 
emissions to 50% [5-7]. 

However, Ukraine has not carried 
out “sequestration of C0 2 that is released 
during combustion of carbon-containing 
fuels for long-term storage, such as in 
geological formations” [8, p. 90]. The 
2006 Energy Strategy of Ukraine up 
to 2030 [9] is not planned in the near 
future to explore, develop and deploy 
CCS technologies in the energy sector of 
Ukraine. 

So now you must evaluate the 
possible scenarios of implementation 
of CCS technologies in the energy 
sector of Ukraine and, above all, at 
the enterprises of the eastern regions, 
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where the main energy and industrial 
capacity of Ukraine, which emit large 
amounts of greenhouse gases, and 
there are deep geological formations, 
apparently suitable for purposes of long- 
term storage of supercritical C0 2 . And 
evaluate the capabilities of capturing 
C0 2 and other anthropogenic emissions 
directly from the air, where do they go 
from mobile sources and private housing 
sectors. 

In the early 90-ies of Ukraine 
was second in Europe in terms of 
C0 2 emissions, and in 2011 it already 
occupies the sixth position and tends 
to gradually increase that amount, 
while most countries have set a target 
for reducing C0 2 emissions in the near 
decade [10]. 

Based on the statistics of Ukraine in 
2010 [1 1], it can be noted that more than 
83% of the volume of C0 2 emissions are 
from stationary sources, when not taken 
into consideration if the C0 2 emissions 
from the private housing sector, which is 
different from the statistical requirements 
of the IPCC. With 74% of C0 2 emissions 
of the energy producing companies, 
metallurgical and chemical sectors. In 
further studies just will take into account 
the company. 

C0 2 emission source categories that 
are adopted in the statistical reporting of 
Ukraine differ significantly from IPCC 
categories. Therefore, the anthropogenic 
emissions [8] are some other data, such 
as: category l.A.l.a - Production of 
electricity and heat: C0 2 emissions from 
combustion of all fuels are 94,404 Kt, and 
in category l.A.4.b - Private residential: 
40,962 Kt, and in all categories of mobile 
combustion: l.A.3.a,b,c,d,e and l.A.5.b - 
39,494 Kt. That is so, the private housing 
sector and the entire transport, which 
can be attributed to the low unorganized 
sources, where there is little opportunity 
to provide efficient capture and storage 
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of pollutants and C0 2 , emits almost as 
much C0 2 as stationary sources - thermal 
power plant (TPP). 

A similar situation is observed in 
Ukraine and for pollutants emissions 
in 2010 [11]: stationary sources - 4132 
Kt (sulfur dioxide - 29.3%; carbon 
monoxide - 25.7%; methane - 20.4%; 
nitrogen dioxide - 7.5%; non-methane 
volatile organic compounds - 1,6%, etc.), 
and mobile sources - 2546Kt (carbon 
monoxide - 74.1%; non-methane volatile 
organic compounds - 11.5%; dioxide 
nitrogen - 11.5%; black - 1.3%; sulfur 
dioxide - 1.1%, etc.). 

Data on pollutants emissions coal or 
gas heating systems of private residential 
sector are not available, but it is possible 
to estimate these emissions by analogy 
with C0 2 as the order of 2 Mt. 

Currently, much attention is paid to 
ensure the world sustainable development 
in the global climate change, which is 
mainly due to air pollution by-products 
of human activity. The sharp increase 
in the concentration of greenhouse 
gases leads to an increase in the average 
temperature of the atmosphere and of 
catastrophic natural events. 

A significant contribution to climate 
change made by fugitive emissions 
of fine dust from low sources, which 
include: relocation of industrial aerosols 
from industrial shops, raising dust 
from the surfaces of construction and 
industrial sites, streets and roads, dust 
entrainment with heaps of mines and 
quarries and the concentration of exhaust 
gas at intersections in cities; volcanoes, 
smoke and other forest fires, etc.. 

The consequences of such fugitive 
emissions taken to fight basically just near 
the low sources: source itself provides 
the appropriate filters, if possible, the 
cleanup and decontamination of the 
neighborhood, if thrown away a harmful 
substance, and other similar activities 


on a local scale. In some cases, are 
monitored for further propagation and 
scattering mass ejection, as well as fixing 
and Examination of its sedimentation 
followed by removal of the effects of 
infection territory. Usually not practical 
mitigation of fugitive emissions in the 
way of distribution, that is in the process 
of moving it to the atmosphere. 

Although, with similar situations in 
the aquatic environment (eg, elimination 
of oil spills from tankers and wells usually 
starts at the source of the contamination, 
near it, on the open water, and ends at the 
shore pollution) struggle with the effects 
of pollution is carried out at all stages of 
the common pollutants. 

This situation is reflected in the 
international strategy to counter global 
climate change (Kyoto Protocol is the 
main mechanism for limiting emissions 
of greenhouse gases by exposure to 
stationary sources of emissions) and the 
priorities of scientific and technological 
development of the European Union 
(in the 7th Framework Programme 
of the Research and Technological 
Development in the “Environment, 
including climate change” focuses on the 
research and development of measures to 
mitigate climate change by implementing 
CCS). 

The common focus of providing 
pollution control equipment, which is 
installed on the sources of organized 
(planned) emissions and fugitive 
(emergency) emissions are considered as 
unforeseen events, the consequences of 
which could be significant or insignificant 
for the environment and the population. 
Therefore, the decision to eliminate the 
effects of fugitive emissions is usually 
postponed until the next man-made or 
natural disaster. 

We can assume that the environmental 
sciences should not only examine the 
impact of man on nature, but also to 
resist this action, and we can formulate 
the active elements of the strategy to 
respond to fugitive emissions from low 
sources [12]: 

The means of monitoring the 
expected (provided) emissions; 

The means of monitoring unexpected 
(natural and man-made) emissions; 

Stationary means of active influence 
on the expected emissions close to their 
sources; 


Mobile means of active influence on 
unintended emissions as close to their 
sources, and their distribution; 

Preventive medicine active influence 
on the atmosphere to maintain and 
improve the environment. 

Have at least a limited number of 
elements (after the design, manufacture 
and testing) as part of a special service 
will allow us to implement measures to 
reduce the impact on the atmosphere 
of natural and man-made phenomena, 
energy and industrial accidents, and other 
forest fires, urban smog and exhaust 
gas concentrations , removal of carbon 
dioxide and other harmful components. 

Development and implementation 
of such a strategy will not only reduce 
the impact on the atmosphere of risk 
facilities located on its territory, but also 
to minimize the effects of natural and 
man-made disasters in other countries 
and other countries of the world, to 
promote global sustainable development. 

The possible application of this 
strategy to the problems of air that occur 
in large cities (for example, the city 
of Donetsk in the Ukraine) due to air 
pollution emissions from low sources, 
including: the emergence of smog. 

We can define two types of smog: Air 
Pollution Transport exhaust containing 
nitrogen oxides, and are connected to Air 
Pollution Soot or Smoke containing sulfur 
dioxide. Necessary part of the process 
of formation of the first type of smog 
(Los Angeles smog) are photochemical 
reactions, in the second case (London 
smog) photochemical reactions may be 
involved in the formation of smog, but 
their participation is not mandatory. 

In Donetsk, can form two types of 
smog: a factor of industrial emissions is 
constantly present, automobile exhaust 
gases contribute to the formation of the 
Los Angeles smog in summer, heating 
coal heating in the houses of the private 
sector was able to provoke a London 
smog in winter. 

Significant contribution to the 
formation of smog making unfavorable 
weather conditions (for a year of 
weak winds repeatability is 30%) and 
especially temperature inversions 
(move the inversion prevents dispersal 
of emissions from high sources - the 
steel industry and power plants, and 
surface inversion contributes to the 
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accumulation of harmful substances 
entering into the atmosphere from low 
emission sources - cars, mines and 
waste heaps), the frequency of which the 
annual average of about 20%, and winter 
increases to 40%. Summer often increase 
air pollution through waste heaps (of 125 
waste dumps are burning more than 30), 
and motor vehicle exhaust, which every 
year becomes more and more. 

The maximum concentration of 
nitrogen dioxide in Donetsk is usually 
observed in the summer. In summer, 
when strong surface inversions at 
night and clear skies in the afternoon, 
the conditions for the photochemical 
reactions and the formation of smog. 
And as in connection with climate 
change occurring in Donetsk recently 
quite dramatically increases the average 
summer temperature is reduced and the 
average winter temperature, it increases 
the likelihood of both the Los Angeles 
smog in summer and in London smog in 
winter. 

The proposed method of dealing 
with smog can be attributed to the 
implementation of the strategy of active 
response to environmental pollution [12], 
which is now starting to be embodied in 
various independent projects, which are 
usually attributed to geo-engineering of 
environmental atmospheric phenomena. 
Some of these funds are already in 
development, and mock trials, for 
example: 

“Artificial trees” that should replace 
billboards on highways and U.S. clean 
air, capturing C0 2 along with other 
greenhouse gases and harmful car exhaust 
fumes in the natural movement of air flow 

[13] . The effectiveness of these devices 
will depend on wind direction and speed, 
which is a significant disadvantage. Now 
proposed design with the injection of air 
from the atmosphere, which includes the 
significant additional cost of energy as 
opposed to the original version, when 
only funded the construction of the 
device; 

“Wind wall” being built in Canada, 
and will consist of more than a hundred 
powerful stationary fan, which directs the 
flow of air in the system for C0 2 capture. 

[14] This design requires significant 
financial costs to both the construction 
and operating costs. 

Also, in these devices does not 
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provide pre-treatment of the incoming 
air in them from aerosols, dust and soot 
that are in high concentrations in the air 
of industrial areas. 

Given the above experience, 
consider the situation that exists with 
smog in Donetsk: the main factor in 
the appearance of smog in the city 
center are motor vehicle exhaust, and 
other sources of air pollutants only 
complement the composition of the 
smog. Historically, this arrangement of 
streets and parks in the city of Donetsk, 
that the formation of smog in the main 
streets and intersections, located on high 
ground, it flows and is concentrated in 
the recreation areas - parks, which are 
concentrated in the lower reaches near 
the basins. 

On the busiest intersections where 
road constantly formed “plug”, it is 
proposed to establish a system of forced 
recovery vehicle emissions, other air 
pollutants and C0 2 - “Air Slagheap” 
(AS). 

This AS will have some pre-treatment 
units and air unit for C0 2 capture, which 
are located away from the roadway, 
and from which comes tapered exhaust 
pipe system dirty air from the top of the 
cone and supply of high-speed jets of air 
inside the cone. 

Such a device will have several 
pre-treatment units and air unit for C0 2 
capture, which are located in the side of 
the roadway and out of which a cone- 
shaped exhaust pipe system dirty air 
from the top of the cone and the supply 
of high-speed jets of air inside the 
cone. Clipped from the apex rises more 
than 100 meters of pipe diameter of 10 
meters, which, together with a glass 
cone on street comers and glass tunnels 
along the streets actually forms a “Solar 
Chimney” [15], which is equipped with a 
horizontal wind turbine that will provide 
energy units clean air and C0 2 capture. 

In addition, to improve the efficiency 
of wind turbines in the design of the 
cone provides for the deployment of 
aerodynamic elements to ensure the 
creation of artificial vortex [16]. 

To trap smog arbitrary areas, and 
to eliminate the effects of man-made 
and natural disasters, to develop mobile 
constmction land and air-based, which 
will provide job effects “Solar Chimney” 
and “Artificial Vortex” in the open air 
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and in the free space of the atmosphere. 

In addition to its direct functional 
purpose - cleaning the air of smog and 
C0 2 capture design AS can be used for 
commercial and tourism purposes in 
addition to its relevant lift equipment, 
trading platforms, an observation deck 
on top of the cone as a “glass ball”, 
lighting and musical accompaniment and 
etc. 

Proposed use of active methods 
of exposure to certain environmental 
objects in order to improve the quality 
of these objects (in this case, Donetsk 

- the surface layer of the atmosphere) 
will adapt to the impacts of climate 
change - increasing average summer 
air temperature and lowering of the 
average winter temperature in the 
industrial impact. We hope that the 
developed design Tues stakeholders 
to find financial support for further 
research and put into practice to 
improve air quality in cities and combat 
climate change. 
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T he concentration of construction 
activities in urban development 
area is a characteristic feature of the 
last decade. Erection of new buildings 
abutting existing ones became the real 
disaster for urban development. The 
analysis of the causes of buildings 
deformations development has shown 
that half of the cases of deformations 
related to the errors in survey and design. 

It’s important to develop a 
methodology for the combined 
calculation of bases and buildings which 
can be realized on computing facilities. 
The prediction for displacements and 
forces in constructions is desirable to do 
with regard to the time factor. 

In some models the V.Z Vlasov - 
N.N Leont’ev theory of calculation for 
ground bases is used. It based on the 
fundamental equations of mechanics and 
the solution of differential equations for 
the expected draft at the point. 

In this study, subgrade strength 
variability and flexible foundation and 
pavement designs are evaluated for 
reliability. Reliability is an important 
factor design to consider the variability 
associated with the design inputs. 
Parameters such as mean, maximum 
likelihood, median, coefficient of 
variation, and density distribution 
function of subgrade strength are 
determined [1]. The approach is based on 
an extensive literature review of current 
damage concepts included in current 
mechanistic-based design procedures, 
soil permanent deformation laboratory 
data. Design outputs are compared in 
terms of reliability and thickness using 
these design procedures. It is shown that 
the provides higher reliability values 
compared to the probabilistic procedure. 
All the existing subgrades fail distress 
reliability such as rutting and top down 
cracking reliabilities. Currently uses 
a single design P value to deal with 
variability associated with subgrade 
strength design. 


Conference participant 



Is used to generate full scale 
subgrades response and performance 
data for development and verification of 
subgrades design criteria. The physical 
properties of subgrades structures 
significantly influence both the response 
of the subgrades to applied loads and the 
long-term performance. It is, therefore, 
of the utmost importance that full scale 
test subgrades be constructed with 
uniformity in material properties, layer 
thicknesses, and other considerations 
for which non-uniformity might result 
in nonrepresentative and nontypical 
behavior and failures [1, 2]. Current 
mechanistic-based design methods for 
the design of subgrades use vertical strain 
criteria to consider foundation rutting. 

A considerable number of 
measurements of the physical properties 
test pavements were made at all stages 
of construction and after construction 
was completed. The measurements were 
made for three purposes: construction 
quality control, construction acceptance, 
and material characterization. The 
material characterization tests were 
performed to provide information for 
theoretical modeling and were not 


related to construction and contractual 
requirements. Tests were conducted on 
the subgrade materials, base subbase, 
and surface layers. For a basis of model 
building we take the model of elastic 
foundation, Vlasov - Leont’ev [2] (fig.l). 

Here [4]: 

u(x,y,z)=0; v(x,y,z)=0 ; 


^ 5 4 A w 3 4 A w _ 3 4 A w . , , 

D, = — + 2D , — - — - + D, — — + cw = Aq(x,y), 

1 dx 4 3 dx 2 dy 2 2 dy 4 ^ 


= — . D = — — (i) 

12(1 120 -/ 1 ,^) 

D 3 =D 1 |x 1 +2D k ; D=GhV12. 

Tests performed during construction 
consisted of measuring insitu moisture 
content and density. Tests were performed 
to characterize the variation of subgrade 
strength with depth and over a tight 
horizontal grid. Width of the subgrade 
surface was divided into equally sized 
quadrants and a location within each 
quadrant determined by randomly selected 
x and y coordinates. The choice of the 
appropriate type of foundation is governed 
by some important factors such as: the 
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nature of the structure; the loads exerted 
by the structure; the subsoil characteristics; 
the allotted cost of foundations. Therefore 
to decide about the type of foundation, 
subsoil exploration must be carried out. 
Then the soil characteristics within the 
affected zone below the building should 
be carefully evaluated. The allowable 
bearing capacity of the affected soil 
strata should then be estimated. Theory 
of elasticity analysis indicates that the 
stress distribution beneath footings, 
symmetrically loaded, is not uniform. 
The actual stress distribution depends on 
the type of material beneath the footing 
and the rigidity of the footing. For 


footings on loose cohesion-less material, 
the soil grains tend to displace laterally at 
the edges from under the load, whereas in 
the center the soil is relatively confined.lt 
is shown in this study that single design 
strain value for a roadway section does not 
yield an effective design regarding target 
reliability [3]. 
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y nacTHHK KOH(J)epeHUHH, Han,noHajibHoro nepBeHCTBa no HayHHoii aHanHTHKe, 
OTKpbiToro EBponencKO-A3HaTCKoro nepBeHCTBa no HaynHoii aHanHTHKe 


O oinne nojioaceHHH. Henocpe^- 
CTBeHHBIM OCHOBaHHeM IIpHHIfH- 
na u,e jio ctho cth aBjiaiOTC e nojiojKeHHa 
ifenocTHoro MeTO^a komhjicthkh [ 1,3 ], b 

COOTBeTCTBHH C KOTOpBIMH npHMCM CJie- 
/fyiomne onpeAejieHHa: 

• Cpe^a (MHp) - HCTOHHHK nOTCH- 
ifnanoB BBDKHBaHHH, eoxpaHeHHe h pa3 - 
bhthh cbohx nacTeH; 

• nacTB epe^Bi, MHHHCijjepa (npe#- 
MeT, jiBjieHHe MHp a) - o6nacTB b cpe^e, 
OTTpaHHHeHHaa B npOCTpaHCTBe h bo 
B peMeHH ot ocTanBHOH epe^Bi h HanpaB- 
neHHaa Ha eo6cTBeHHoe BBDKHBamie, 
eoxpaHeHHe h pa3BHTHe; MHKpocijjepa 
- nacTB MHHHC(J)epBi; Bee uacra epe^Bi - 
MHHHC(J)epBI, 3a HCKJHOHCHHCM 3 JICMCH- 
tob epe^Bi; oneMeHT cpe^Bi - MHKpocijje- 
pa, He aBjiaiomaece MHHHCijjepOH. 

HacTH epe^Bi MoryT 6 bitb npe^CTaB- 
neHBi CHCTeMaMH, TexHonornaMH, Mo^e- 
jmmh, eBjieiomHMHca nacTHBiMH cjiyna- 
smh ifenoro. KoMnneTHKa o6Be£HHeeT 

B03M05KH0CTH CHCTCM, TeXHOJIOTHH, 

Mo^eneii fljie (jjopMHpOBaHHe ijejiocT- 
HOH H IfeJIBHOH ,Zl,eeTeJIBHOCTH. MHHHC- 
ijjepa MO)KeT npoeBjieTB ce6e ok ijejioe, 
tojibko eejiH OHa o6jia^aeT ijejibnocmbw 
- KanecTBOM ijejioro. fl,anee, MHHHCijjepa 
M05KeT npoeBjieTB ce6e ok ifenocTHoe, 
tojibko eejiH OHa o6jia^aeT tfejiocmno- 
cmbw - KanecTBOM ijejiocTHoro. 

IfeJlbHOCmb M05KH0 paCCMaTpHBaTB 
Kax KanecTBO ijejioro, npncymee hcko- 
Topoii MHHHCiJjepe h npoeBjiaiomeece 
b ee HanpaBjieHHOCTH Ha eoGcTBeHHoe 
BBDKHBaHHe, COXpaHeHHe H pa3BHTHe B 
onpe^ejiCHHOH cpe^e. Ifejiocnmocmb 
paccMarpHBaeTcn ok ohcctbo ijejiocT- 
hoto, npHcymee HeKOTOpoii MHHHCijjepe 
h npoeBjieiomeece b HanpaBjieHHOCTH 
^aHHOH MHHHC(J)epBI Ha BBDKHBaHHe, co- 
xpaHeHHe H pa3BHTHe Cpe^BI HJIH OKOH- 
JIH60 ApyrOH MHHHCtjjepBI. 

Kax H3BecTH0, KanecTBO npe^Me- 
Ta, eBjieHHe MHp a oGHapyecHBaeTce b 
eoBOKynHOCTH ero cbohctb [ 5]. Uoji 
cbohctbom 3#ecB Boo6me nOHHMaeTCe 


cnoeo6 npoaBjieHHa onpe^ejieHHOH cto- 
poHBi KaKoro-jiH6o KanecTBa MHHHCijje- 
pBi no OTHomeHHio k dpysuM HacmHM 
cpedbl, C KOTOpBIMH MHHHCljiepa BCTy- 
naeT bo B 3aHM0^eiicTBHe. TaK, Hanp., 
H IfeJIBHOCTB, KaK 0£H0 H3 OHCCTB MH- 
HHCijiepBi, npoeBjieeTce b eoBOKynHO cth 
CBOHCTB IfeJIBHOCTH MHHHCljjepBI. 

Ka)K^Oe CBOHCTBO IfeJIBHOCTH MH- 
HHCijiepBi, BO-nepBBix, 3 to enoeo6 
npOaBJieHHH IfCJIBHOCTH MHHHCljjepBI, 
KaK HanpaBjieHHOCTH Ha co 6 ctbch- 
Hoe BBDKHBaHHe, eoxpaHeHHe h pa3- 
BHTHe MHHHCljjepBI. TaK, IfeJIBHOCTB 
nejiOBeo 3 to eoBOKynHOCTB npoeB- 
JieHHH TaKHX ero 3HaHHH, yMeHHH H 
HaBBiKOB, b eoifnajiBHOH, Hanp., cpe^e 
(nejiOBeK - MHHHCijjepa eoifnajiBHOH 
epe^Bi), 6jiaro£ape KOTOpoii nejiOBeK 
M05KCT BBDKHBaTB, COXpaHeTBCe H pa3- 
BHBaTBca b ^aHHon cpe^e. B ojk/joh 
cpe^e CBoero 6 bith«, ,a,eeTejiBHOCTH, 
(JiyHKIJHOHHpOBaHHH (ceMBe, KOJIJieK- 
thb npe^npHUTHa, pejiHrno3Haa eeKTa 
h ^p.) nejiOBeK npoaBjiaeT pa3HBie eo- 
BOKynHOCTH CBOHCTB IfeJIBHOCTH. fl,Jia 
Ka)K^OH epe^Bi 4)0pMHpyeTca CBoe Ka- 
necTBO u,ejiBHOCTH nejiOBeKa. B o^hoh 
epe^e oh MO)KeT npoaBjiaTB ee6a, KaK 
ifejioe e npncymHM eMy ko^om bbdkh- 
BaHHa, coxpaHemia h pa3BHTH« (Hanp., 
eeMBa). MoryT 6 bitb h cpe^w, ^Jia ko- 
TopBix KanecTBO ifejiBHoem nejiOBeKa 
OTcyTCTByeT (Hanp., 6e3B03AymHoe 
npOCTpaHCTBO). 

Bo-BTOpBIX, KaTerOpHH IfeJIBHOCTH, 
KaK KanecTBa MHHHCijjepBi, He cboahtch 
K OmdeJlbHblM CBOHCTBaM MHHHCCjie- 
pBi. KaTeropna ifejiBHoem BBipaiKaeT 
nOJIHOTy H IfeJIOCTHOCTB COBOKynHO- 
CTH CBOHCTB IfeJIBHOCTH MHHHC^epBI. 
B cbok) onepe^B, nojiHOTe h ifejiocT- 
HOCTH COBOKynHOCTH CBOHCTB IfeJIB- 
HOCTH Ka)K^OH MHHHC({)epBI M05KH0 
conocTaBHTB onpeAejieHHyio Mepy [3]. 
HeM BBime Mepa nojiHOTBi h ifejiocTHO- 
CTH COBOKynHOCTH CBOHCTB IfCJIBHOCTH 
MHHHC({)epBi, tcm 6ojiee OHa npH6jin- 


5KaeTca k MHHHC({)epe-ifejiOMy. flpn 
HaHBBicmeii Mepe nojiHOTBi h ifejiocT- 
HOCTH COBOKynHOCTH CBOHCTB I^eJIBHO- 
cth MHHHCtjiepBi ^aHHaa MHHHCijjepa 
CTaHOBHTca ifejiBiM, T.e. TaKon mhhhc- 
4)epOH, KOTOpOH npHCym KO^ BBDKHBa- 
HHa, eoxpaHeHHe h pa3BHTHe. Taxae 
MHHHc4)epa - ifejiocTHoe ifejioe npe^- 
CTaBjieeT co 6 oh ifejiocTHyio h ifejiB- 
Hyio complete-TpHa^y «cy6BeKT - o 6 b- 
eKT - pe3yjiBTaT» [1 ]. B cootbctctbhh 
c nocTyjiaTOM 5 ifejiocTHoro MeTO^a 
KOMnjieTHKH B IfCJIOCTHOH H IfCJIBHOH 

Tpna^e (complete-TpHa^e) co^epJKHT- 
ce e^po, ijjopMHpyiomee HanpaBjieH- 
HOCTB TpHa^BI Ha C06CTBCHH0C BBDKH- 
BaHHe, eoxpaHeHHe h pa3BHTne, - e^po 
ifejioro. 

IIpHHUHn UeJIOCTHOCTH. B COOT- 
BeTCTBHH c nojiojKeHHUMH ifejiocTHoro 
MeTOjta KOMnjieTHKH ccjjopMyjinpyeM 
cjie^yiomHe yTBepJK^eHHe. 

AKCHOMa 1 «Heo6xoAHMOCTH o 6 b- 
eKTa ^eeTejiBHO cth» : 

AJia (jiopMHpoBaHHa h peajiH3ai^HH 
IfeJIOCTHOH H IfeJIBHOH ^eeTCJIBHO CTH 
MHHHc4)epBI B Hen Heo6xO£HM o 6 bckt 
A eeTejiBHOCTH, npeo6pa3yiomHH pecyp- 
cbi cpe^Bi ^eeTejiBHOCTH b pe3yjiBTaT, 
nojie3HBiH epe^e ^eeTejiBHOCTH h mh- 
HHCiJjepe. 

AKCHOMa 2 «o6meii Mo^ejiH o6bck- 
Ta ^eeTejiBHOCTH»: 

AJia (jjOpMHpOBaHHfl h peajiH3aifHH 
IfeJIOCTHOH H IfeJIBHOH ^eeTCJIBHO CTH 
MHHHC^epBI Heo6xOAHMO COOTBCTCTBHC 
oGneKTa ^eeTejiBHOCTH MHHnciJjepBi mo- 
flejin complete-TpHaAti «o6BeKT-cy6B- 
eKT-pe3yjiBTaT AeeTejiBHOCTH». 

AKCHOMa 3 «Heo6xO£HMOCTH cy6u- 
eKTa £eaTejiBHOCTH»: 

^jie ijjopMHpOBaHHe h peajiH3aifHH 
IfeJIOCTHOH H IfeJIBHOH ^eeTCJIBHO CTH 
MHHHcijjepBi b Hen Heo6xo^HM cy6BeKT 
fleeTeJIBHOCTH, KOOp^HHHpyiOmHH Ren- 
TeJIBHOCTB o6BeKTa MHHHCljiepBI no npo- 
H3B0^CTBy pe3yjiBTaTa, nojie3Horo cpejre 
AeeTejiBHOCTH h MHHHCijjepe. 
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AKCHOMa 4 «o6men MOflejiH cy6b- 
eKTa ^eaTejiBHOCTH»: 

Ajhi (j)opMHpoBaHHfl n peajiH3aijHH 
I^eJIOCTHOH H IjeJIbHOH Ae^TeJIbHOCTH 
MHHHC({)epbI Heo6xOAHMO COOTBeTCTBHe 
cy6beKTa ^eaTejiBHO cth MHHHC(j)epBi 
MOAenH complete-TpHa^Bi «o6bckt- 
cy6BeKT-pe3yjii>TaT ^eflTe jibho cth» . 

AKCHOMa 5 «Heo6xo^HMOCTH pe- 
3yjitTaTa £ejrrejn>HOCTH»: 

Aim (})0pMHp0BaHHa h peammipoi 

IjeJIOCTHOH H I^eJIBHOH ^eflTCJIBHO CTH 
MHHHC(|)epBi b Hen Heo6xoAHM pe3yjiB- 
TaT Ae^TejiBHOCTH, npeo6pa3yeMBiii 
o6BeKTOM H Cy6BeKTOM Ae^TeJIBHOCTH 
ot 3aMBicjia npeo6pa30BaHH5i pecypcoB 
cpe^Bi ^o KOHenHoro pe3yjiBTaTa, nojie3- 
Horo cpe^e ^eirrejiBHOCTH h MHHHC(j)epe. 

AKCHOMa 6 «o6men MO^ejiH pe3yjiB- 
TaTa Ae^TejiBHOCTH»: 

#jhi (J)opMHpoBaHH^ h peammipoi 
I^eJIOCTHOH H I^eJIBHOH fleflTeJIBHOCTH 
MHHHC({)epBI Heo6xO£HMO COOTBeTCTBHe 
pe3yjiBTaTa ^cotcjibho cth MHHHC(j)epBi 
MOAenH complete-TpHa^Bi «o6bckt- 
cy6BeKT-pe3yjiBTaT ^cotcjibhocth». 

H3JI05KeHHBie aKCHOMBI o6ochobbi- 
BaiOT TeopeMy i^cjibhocth h ijenocT- 
hocth (flanee - TeopeMy ijejio ctho cth) 
^e^TeJIBHOCTH MHHHC({)epBL 

TeopeMa ucjiocthocth «o 6 o6men 
MOAeJIH I^eJIOCTHOH MHHHc4)epBI»: 

Aim (})0pMHp0BaHH5i h peajnrcaijHH 
I^eJIOCTHOH H IjeJIBHOH ^COTCJIBHO CTH 
MHHHC({)epBI Heo6xO£HMO COOTBeTCTBHe 
^aHHOH MHHHc^epBi o6men MO/jeJIH 
complete-TpHa^Bi «o6BeKT-cy6BeKT-pe- 
3yjIBTaT ^eaTeJIBHOCTH». 

• PerjiaMeHT peajiioaijHH IIpHH- 
nmia uejiocTHOCTH. BHanajie onnmeM 
o6mne nojio}KeHHa peraaMeHTa peajin- 
3ai^HH IIpHHi^Hna ijeno ctho cth, a 3areM 
npHBeAeM onncaHHe ochobhbix B3aHMO- 
^eHCTBHH pe3yjiBTaTa, oGbeKTa, cy6beK- 
Ta Ae^TejiBHOCTH MHHHC(J)epBi, paccMa- 
TpHBaeMOH Kax ijejiBHaa h ijejiocTHaa 
complete-TpHa^a. 

OSipne nojioiKeHHH perjiaMeHTa. 

J\ Jia Ka)K£oro cjiynaa peajiH3aiiHH IIpHH- 
ijnna u,e jio ctho cth hco6xoahmo: 

- onncaTB KOHKpeTHyio coBOKyn- 
hoctb npo6jieMBi, mhcchh, CTpaTernn, 
ijejien, 3a^an ,a,eaTe jibho cth ; 

- C(|)OpMyjIHpOBaTB, Ha OCHOBe 
^aHHoro o6mero IIpHHijHna ijenocT- 
hocth, axcHOMBi h ocHOBHyio TeopeMy 
npHKjia^Horo npHHipma ijejio ctho cth 
AJ ia flaHHOH coBOKynHO cth npo6jieMBi, 
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mhcchh, CTpaTernn, ijenen ,a,eaTejiBHO- 
cth; onncaTB ocoGchhocth npHMeHe- 
HHa TnnoBoro peraaMeHTa peajiH3aijHH 
npHHi^nna i^ejiocTHOCTH; 

- cocTaBHTB cboh, npncymnn #aH- 
HOH COBOKynHO CTH npo6jICMBI, MHCCHH, 
CTpaTernn, ijejien .zjeaTejiBHOCTH, peraa- 
mcht npHMeHeHH^ ycjiOBHH /jaHHoro 
npHHI^Hna H,eJIOCTHOCTH. 

PaccMOTpHM perjiaMeHT B3aHMOC- 
BH3aHHbix iipeoopaiOBamm pe3yjib- 
TaTa, oSbeKTa, cySbeKTa ^eaTejiB- 
HOCTH MHHHC^epBI, paCCMaTpHBaeMOH 

Kax i^ejiBHan h ijejiocTHaa complete- 
Tpna^a. 

Pe3yjibmam complete-mpuadbi. Pe- 
3yjiBTaT complete-TpHa^Bi b npoijecce 
CBoero »cH3HeHHoro ijHKjia no# npeo6- 
pa3yiomHM BjiHUHHeM o6BeKTa h cy6b- 
eKTa complete -TpHa^Bi npoxo^HT cjie^y- 
K>mne ijhkjibi: 

1- h ijhkji: 3aMBiceji - nepBBin, Ha- 
najiBHBiH bh# pe3yjiBTaTa complete- 
Tpna^Bi 3 to o6pa3, «KOHTyp» KOHenHoro 
pe3yjiBTara complete-TpHa^Bi; 

2- h i^hkji: H^ea, ochobhoh npHHi^nn 
ycTpoiiCTBa KOHenHoro pe3yjiBTaTa - bto- 
poii BHfl pe3yjiBTaTa complete-TpHa^Bi; 

3- h i^hkji: npoeKT KOHenHoro pe3yjiB- 
TaTa - TpeTHH bh^ pe3yjiBTaTa complete- 
Tpna^Bi; 

4- h i^hkji: roTOBBiii k BHe^peHHio b 
npOH3BO^CTBO pe3yjIBTaT, «$H3HHeCKaa 
MO^ejiB)) pe3yjiBTaTa, Hanp., npOMBim- 
jieHHBin o6pa3ei^ - neTBepTBin bh# pe- 
3yjiBTaTa complete-TpHa^Bi; 

5- h ijhkji: npOH3Be^eHHBiH pe3yjiB- 
TaT complete -Tpna^Bi, noTpe6jraeMBiH 
cpe^on complete-TpHa^Bi - naTBin bh# 
pe3yjiBTaTa complete-Tpna^Bi; 

6- h i^hkji: H3MeHeHH^ b cpe^e b 
cb^3h c noTpe6jieHHeM pe3yjiBTaTa 
complete-TpHa^Bi - rnecTOH bh^ pe3yjiB- 
TaTa complete-TpHa^Bi; 

7- h i^hkji: nojiB3a Rim complete- 
Tpna^Bi ot H3MeHeHHH b cpe^e b cb^3h c 
noTpe6jieHHeM npoH3Be^eHHoro pe3yjiB- 
TaTa - ce^BMOH, kohchhbih bh# pe3yjiB- 
TaTa complete-TpHa^Bi. 

B nepBBix Tpex i^moiax pe3yjiBTaT 
complete-TpHa^Bi npe^CTaBjieH b BHpiy- 
ajiBHOM, HH(J)opMaii,HOHHOM BH#e, Hanp., 
ot o6beKTa npoMBimjieHHOH coGctbchho- 
cth, aBTOpCKoro npaBa, cmokhoto npaBa 
^o npoeKTa pe3yjiBTaTa complete-TpHa^Bi. 

B neTBepTOM i^HKjie pe3yjiBTaT 
complete-TpHa^Bi npnoGpeTaeT «(J)H3H- 
necKHH» bh^, Hanp., o6beKTa npOMBim- 


JieHHOH C 06 CTBeHH 0 CTH, aBTOpCKOTO 
npaBa, no3HijHOHHpOBaHHoro Ha onpe- 
^ejieHHOM MarepnajiBHOM HocnTejie. 

B mtom i^HKjie pe3yjiBTaT 
complete-TpHa^Bi CTaHOBHTca nacTBio 
npoeKTa BBDKHBaHHfl, coxpaHeHHa h 
pa3BHTH« Cpe^BI fleHTeJIBHOCTH (B03- 
M05KH0, HHHOBaiI,HOHHBIM npOCKTOM 
ynpaBjieHHfl npOH3BO^CTBOM); pe3yjiB- 
TaT complete-TpHa^Bi M05KeT ^Bji^TBca, 
Hanp., npoeKTOM hoboh CTpyKTypBi 
ynpaBjieHna npOH3BO^CTBeHHOH cpe- 

ABI. 

B mecTOM ipnoie pe3yjiBTaT 
complete-TpHa^Bi OTpaiKaeT npnoGpe- 
TeHHoe cpe^on complete-TpHa^Bi npen- 
MymecTBO, KOTOpoe moukqt OTpa^caTBca, 
Hanp., MO^ejiBio KaKoro-jiH6o npon3BOA- 
CTBa b cpe^e, ycoBepmeHCTBOBaHHOH b 
cb«3h c npHMeHeHneM npOH3Be^eHHoro 
complete-Tpna^OH pe3yjiBTaTa - Mamn- 
hbi, oGopy^OBaHHa; Tor^a TaKHM koh- 
KypeHTHBIM npeHMymeCTBOM M05KeT 
^BjiOTBca, Hanp., noBBimeHHe KanecTBa 
npOH3BOACTBeHHoro npoijecca o^hoh H3 
nacTen cpe^Bi. 

B ce^BMOM i^HKjie pe3yjiBTaT 
complete-TpHa^Bi npeACTaBjiaeTCji b 
BH^ e onpe^ejiCHHOH nojiB3Bi (Hanp., 3 ko- 
HOMnnecKOH nojie3HOCTH) ^jhi complete- 
Tpna^Bi ot peajiH3ai^HH npno6peTeHHoro 
cpe^on npeHMymecTBa. 3Ta nojiB3a mo- 
5KeT 6 bitb OTpa)KeHa b BH^e onpe^eneH- 
Horo noKa3aTejia - npH6BuiH, CHH5KeHH5i 
H3^ep)KeK, Aoxo^a ot peajiH3ai^nn npo- 
H3Be^eHHoro pe3yjiBTaTa. riojiynaeMaa 
complete-TpHa^on nojiB3a (none3HOCTB) 
onncBiBaeTca, KaK npaBHjio, c noMomBio 
HeKOTOporo KpHTepna. 

Ilo^ BJIHUHHeM H,eJIBHOCTH H I^e- 

jio ctho cth complete-Tpna^Bi Bee bh^bi 
pe3yjiBTaTa complete-TpHa^Bi ^ojhkhbi b 
i^enn h,hkjiob npeo6pa30BaHH5i opraHnn- 
ho nepexo^HTB «o^hh b £pyron», 6bitb, 
no cyra, e^HHBiM i^ejiBiM. E^hhctbo 
Bcex cocto^hhh pe3yjiBTaTa complete- 
Tpna^Bi o6ecnenHBaeT a^po-KO^ i^enoro 
pe3yjiBTara - o6bckt HHTejuieKTyajiBHOH 
C 06 CTBeHH 0 CTH (HHCO), BBl6paHHBIH 
Ha nepBBix oHKjiax, a TaK^ce CTpyKTypa 
i^ejiocTHoro no^xo^a k (J)opMHpOBaHHio, 
npOH3BOACTBy h npHMeHeHHio pe3yjiBTa- 
Ta [2]. 

OfrbeKm complete-mpuadbi. Oobckt 
complete-TpHa^Bi, KaK y>Ke OTMenanocB, 
ocymecTBjiaeT coGctbchho npon3BOA- 
ctbo pe3yjiBTaTa, cocTomijee H3 cjie^yio- 
mnx i^hkjiob: 


1- H I^HKJi: npOH3BO^CTBO 3aMBICJia 
pe3yjn>TaTa; np0H3B0AHTCu aHauro pa3- 
UHHHBIX BH^OB B03M05KHBIX pe3yjIBTaTOB 

complete-TpnaABi agutcubhocth, no- 
3bouuioiahx pernaTB npo6jieMBi, axTya- 
JIH3HpyiOmHeCa B Cpe/je (JiyHXAHOHHpO- 
BaHHa complete-TpHaABi. OGocHOBBma- 
ctcu h (J)opMHpyeTca 3aMBiceji b bhac 
COBOKynHOCTH MOAeJieH B03M0UCHBIX 
ajiBTepHaTHBHBix pe3yjiBTaTOB AeuTeuB- 
hocth complete-TpHa^Bi, Hanp., b bhac 
oGbcktob HHCO, Rim pemeHHH yxa3aH- 
hbix npo6jieM h nonyneHHu hobbix npe- 
HMymecTB cpe^OH complete-TpHaABi. 
AHajiHTHnecKoe npOH3BOACTBO - nep- 
bbih, HanajiBHBiH bha o6BeKTa complete- 
TpnaABi; 

2- h ahxu: npOH3BO^CTBO hack pe- 

3yjiBTaTa (ocHOBHoro npHHAHna nonyne- 
hhu pe3yjiBTaTa); np0H3B0AHTCu nccne- 
/JOBaHHe B03M0)KH0CTeH npaXTHHCCXOH 
peajiH3ai;HH 3aMBicjia complete-TpHaABi 
AeUTCUBHOCTH. 06oCHOBBIBaeTC« H 4)Op- 
MHpyeTCfl HAeu xaucAoro B03MO)XHoro 
pe3yjiBTaTa H3 3aMBicjia b bhac MeTo^a 
HcnojiB30BaHH^ pecypcoB npOH3- 

BO^CTBa pe3yjiBTara npn hmcioiahxcu 
orpaHHHeHH^x; BBiGnpaeTCu h Aeu «pe- 
3yjiBTaT - mctoa - pecypCBi - orpamme- 
HHU», HaH6oJiee 3(j)(j)eXTHBHaJI B CMBICJie 
onpe^ejieHHBix xpHTepneB 3(j)(|)exTHB- 
hocth. Hccjie^OBaTejiBCKoe np0H3B0A- 
ctbo - btopoh bha oGnexTa complete- 
TpnaABi; 

3- h ahxu: npOH3BOACTBO npo- 

eKTa (})H3HHecxoH peajiH3ai^HH hack 
pe3yjiBTaTa complete-TpHaABi, 0G0- 
CHOBaHHOH npH npOH3BO^CTBe HCCJie- 
AOBaHHH. KoHCTpyHpyeTCH xohchhbih 
pe3yjiBTaT complete-TpHa^Bi b bhac 
HOBoro 3HaHHa, TOBapa, ycnyrn. npo- 
exTHpyeTCu TexHOJiorHa npOH3BOACTBa 
pe3yjiBTaTa. Pa3paGaTBiBai0Tcu coijh- 
aJIBHBie, 3KOHOMHHeCKHe, 3KOJIOrHHe- 
CKHe o6ocHOBaHH5i i^enecoo6pa3HOCTH 
npOH3BO^CTBa BBi6paHHoro pe3yjiBTa- 
Ta, 6H3Hec-njiaHBi, GH3Hec-npoexTBi 
H T.n. ripOeKTHO-KOHCTpyKTOpCKOe 
npOH3BO^CTBO - TpeTHH BHA o6BeKTa 
complete-TpHa^Bi; 

4- H I^HKJi: npOH3BO^CTBO OnBIT- 

HO-3KcnepHMeHTanBHOH anpoGai^HH h 
BH e^peHHa b npaKTHKy npoexra (})H3H- 
necxon peajiimipni hack pe3yjiBTaTa 
complete-TpnaABi. PeauroyeTcu «(jm- 
3HHecxau» MO^ejiB xoHenHoro pe3yuB- 
Tara complete-TpHaABi b bhac, Hanp., 
npOMBinnieHHoro oGpa3Aa. IIo HToraM 


onBiTHO-3KcnepHMeHTajiBHoro npOH3- 
BO^CTBa npHHHMaeTca pememie o npn- 
ro^HOCTH KOHenHoro pe3yjiBTaTa h Tex- 
HOJiornn ero npOH3BOACTBa npaxra- 
necKon peajiH3ai^HH; ocyiAecTBnueTcu 
BHe^peHne pe3yjiBTara h TexHOJiorHH 
ero npOH3BOACTBa b npaxTnxy. Ohbitho- 
3KcnepHMeHTajiBHoe h BHeApemiecxoe 
np0H3B0^CTB0 - neTBepTBiH bha oGnexTa 
complete-TpnaABi; 

5- h ahxu: npOH3BO^CTBO KOHenHO- 
ro pe3yjiBTaTa complete-TpHa^Bi. Ocy- 
iAecTBuueTCu npaxTHnecxoe npOH3- 
boactbo KOHenHoro pe3yjiBTaTa Ha oc- 
HOBe anpoGnpoBaHHOH «(j)H3HHecxoH» 
MO^ejiH. 3 to M05KeT 6 bitb, Hanp., 
npOMBIHIJieHHOe, CeUBCX0X03UHCTBeH- 
Hoe, HH(J)opMai^HOHHoe, 3HepreTHne- 
CKoe, KOMMyHHKai^HOHHoe, o6pa30Ba- 
TejiBHoe, HaynHoe, ^HHaHCOBoe hjih 
HHO e npOH3BOACTBO. IIpaKTHHeCKOe 
npOH3BO^CTBO - nUTBIH BH^ oGBCKTa 
complete-TpHa^Bi; 

6- H I^HKU: npOH3BO^CTBO H3MeHe- 
hhh b cpe^e complete-TpHaAti. Cpe- 
^a complete-TpHa^Bi noTpeGuueT ko- 
HenHBiH pe3yuBTaT complete-TpHa^Bi 

- 3HaHHe, TOBap, ycuyry, nouHTHKy, 
nporpaMMy, npoeKT, ynpaBueHnecKoe 
pemeHHe h T.n. B cbu3h c noTpeGue- 
HneM KOHenHoro pe3yuBTaTa complete- 
Tpna^Bi b cpe^e npOH3BO^TCu H3Me- 
HeHHu - coi^nauBHBie, 3KOuorHnecKHe, 
3KOHOMHHeCKHe, HHBie. H3MeHeHHU 
MoryT Gbitb nououcHTeuBHBiMH - no- 
uyneHne flononHHTeuBHoro ^oxo^a, 
Hanp., OTpm^aTeuBHBiMH - 3apauceHHe 
BOA OTXOAaMH npOH3BOACTBa, Hanp. 
Kax npaBHuo, cpe^a noTpeGuueT toub- 
ko Te pe3yuBTaTBi, KOTOpBie b HTore 
npOH3BOA^T b Hen npenMymecTBeHHO 
nououcHTeuBHBie H3MeHeHHu. B HTore 
cpe^a complete-TpHaAti nouynaeT He- 
KOTOpBie npenMymecTBa b CBoen cpe^e 
(J)yHKAHOHHpOBaHHU. IIpOH3BOACTBO 
BUHUHHH Ha Cpe^y (J)yHKH,HOHHpOBa- 
hhu - mecTOH bha oGnexTa complete- 
TpnaAti; 

7- H AHKUI npOH3BOACTBO nOUB3BI 
(noue3HOCTn) aji^ complete-TpHaAti. 
3 accb np0H3B0A»Tcu HeoGxoAHMBie op- 
raHH3au,HOHHBie, coAHauBHBie, skoho- 
MHnecKne, npaBOBBie h HHBie a^hctbhu, 
HanpaBueHHBie Ha nouyneHHe nouB3Bi 
(noue3HOCTn) complete-TpnaAOH ot 
nouyneHHBix cpeAOH complete-TpnaABi 
hobbix npeHMymecTB. ^uu 3Toro Hyuc- 
ho, xax npaBHuo, coTpyAHHnecTBO op- 
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rammAHOHHO-ynpaBneHHecxHx, iopH- 
AHHeCXHX, 3XOHOMHXO-(J)HHaHCOBBIX H 

hhbix noApa3AeueHHH complete-TpnaABi 
c cooTBeTCTByioiAHMH opraHH3 aiI,HUMH 
b cpeAe complete-TpnaABi. np0H3B0A- 
ctbo nouB3Bi - ceABMOH bha oGnexTa 
complete-TpHaABi; 

8-h ahxu: apxHBHpoBaHne complete- 
TpnaABi; xpaHeroie b HH^)opMaii,HOHHOH 
h $H3HnecxoH (jiopMe complete-TpHaABi 
bo Bcex ceMH onncaHHBix coctouhh- 
ux, npeAOCTaBueHHe HH(j)opMaAHH ajm 

HCn0UB30BaHHU npH C03AaHHH HOBBIX 

complete-TpnaA. ApxHBHoe np0H3B0A- 
ctbo - bocbmoh bha oGnexTa complete- 
TpHaABi. 

BOA BUHUHHeM AeUBHOCTH H Ae- 

uocthocth complete-TpHaABi Bee bhabi 
oGnexTa complete-TpHaABi aouuchbi 
b Aenn ahxuob npeoGpa30BaHHu op- 
raHHHHO nepexoAHTB «oahh b Apy- 
roii», Gbitb, no cyra, cahhbim AeuBiM. 
EAHHCTBO BCeX COCTOUHHH npOH3BOA- 
CTBeHHoro oGnexTa complete-TpHaABi 
oGecnenHBaeT xoa AeuBHoro npOH3- 
BOACTBa - eooTBeTCTByioiAHH oGbcxt 
HHCO, a Taxtfce CTpyxTypa AeuocTHO- 
ro noAxoAa [2]. 

CyoiteK/n complete-mpuadbi. CyGn- 
exT complete-TpnaABi oeyiAecTBuu- 
eT xoopAHHaAHio noeueAOBaTeuBHBix 
npeoGpa30BaHHH oGnexTa h pe3yuB- 
TaTa complete-TpHaABi, coGctbchho 
complete-TpHaABi - xoopAHHaAHOHHBiii 
npOAeee e AeuBio oGeeneneHHu hx AeuB- 

HOCTH H AeJIOCTHOCTH. 

KoopAHHaAHOHHBiii npOAeee eyGn- 

exTa complete-TpHaABi eoAepucHT oGiahc 

AHXUBI XOOpAHHaAHH B3aHMOAGHCTBHU 

oGnexTa h pe3yuBTaTa complete-TpnaABi, 
coGctbchho complete-TpHaABi MeucAy 
coGoh h co cpeAOH complete-TpnaABi: 

1- H AHXU: MOHHTOpHHr COCTOUHHU 

pe3yuBTaTa, oGnexTa complete-TpHaABi 
h coGctbchho complete-TpnaABi; oey- 
iAecTBuuiOTCu noHex, eGop, npeABapn- 
TeuBHau oGpaGoTxa h npeACTaBueHne 
eoBOxynHOCTH noxa3aTeueii coctouhhu 
xaucAoro H3 bhaob pe3yuBTaTa h oGb- 
exTa complete-TpHaABi, coGctbchho 
complete-TpHaABi aji« nocueAyioiAero 
npHHUTHu pemeHHH b npOAeccax 3xc- 
nepTH3Bi, pa3pemeHHu (uHAeH3HpOBa- 
HHU), ynpaBUeHHU. MOHHTOp, XOHTpO- 
uep - nepBBiii bha cyGnexTa complete- 
TpHaABi; 

2- h ahxu: 3xcnepTH3a coctouhhu 
pe3yuBTaTa, oGnexTa complete-TpnaABi 
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h co6cTBeHHO complete-TpnaABi; o cy- 
me ctbjhhotch cneijnajiBHBie KOMneTeHT- 
HBie Hccjie^OBaHHa pe3yjn>TaTa, oGbck- 
Ta complete-TpHa^bi n coGctbchho 
complete-TpHa^Bi, ok ijejiBix n ijejiocT- 
hbix, 3aBepmaiomHecfl npe^CTaBjieHHeM 
MOTHBHpOBaHHBIX 3aKJIIOHeHHH O COOT- 

BeTCTBHH pe3yjiBTaTa, o6BeKTa complete - 
TpHa^bi h co6cTBeHHO complete-TpHa^bi 

npe^BUBjuieMBiM TpeGoBamniM ijejiB- 
HOCTH H I^eJIOCTHOCTH. 3KCIiepTHBie 
HCCJieAOBaHHa npOBO^Tca no 3aBepme- 
hhh o}K£oro i^HKjia npeoGpa30Bamni 
pe3yjiBTaTa, o6BeKTa complete-TpnaABi 
n coGctbchho complete-TpnaABi. 3 kc- 
nepT - BTOpon bh# cy6BeKTa complete - 
Tpna^bi, 

3 - n ijhkji: pa3pemeHne (jimjeH3n- 
pOBaHne) coctohhh5i pe3yjiBTaTa, oGb- 
eKTa complete-TpHa^bi n coGctbchho 
complete-TpHa^bi; ocymecTBjnnoTcii 
onpeAejieHHe CTaH^apTHBix TpeGoBa- 
hhh k pe3yjiBTaTy, oGueKTy complete- 
Tpna^Bi h coGctbchho complete- 
Tpna^e, Ha (jjymajHOHHpOBaHHe koto- 
pBix HeoGxoflHMO pa3pemeHHe (pac- 
nop^5KeHHe pyKOBO^CTBa, rocy^ap- 
CTBeHHaa jiHi^eH3H«, corjiacne oGnje- 
ctbchhoh opraHH3au,HH h T.n.). Onpe- 
^ejmeTcn npaBOBaa ocHOBa h (jiopMBi 
pa3pememni; npnHHMaeTCn pemeHne 
o BBi^ane (hjih OTKa3e) pa3pemeHH« Ha 
pe3yjiBTaT, oGbckt complete-TpnaABi h 
coGctbchho complete-TpHa^y. Pa3pe- 

HIHTeJIBHBIH OpTaH, JIHI^CH3Hap - Tpe- 
thh bh# cyGBeKTa complete-TpHa^Bi, 

4- h ijhkji: ynpaBjieHHe cocto^hhcm 
pe3yjiBTaTa, oGueKTa complete-TpHa^Bi 
h coGctbchho complete-TpHa^Bi; ocy- 
mecTBjnnoTcn KoppeKTHpoBKa h nepe- 
onpeAejieHHe KpnTepneB ijcjibhocth 
h u,ejiocTHOCTH complete-TpHa^Bi, 
npHH^THe pemeHHH, HanpaBjieH- 
hbix Ha oGecneneHHe i^cjibhocth h 
ijejio ctho cth pe3yjiBTaTa h oGueKTa 
complete-TpHa^bi, a Taoxe coGctbch- 
ho complete-TpHa^Bi no pe3yjiBTaTaM 
MOHHTOpHHra, pa3pemeHHH, 3Kcnep- 
th3bi. YnpaBjieHeij - neTBepTBm bh# 
cyGBeKTa complete-TpHa^Bi. 

MQHKjiy u,HKjiaMH npeoGpa30Bamni 
cyGBeKTa complete-TpnaABi, hmciot 
M e cto np^MBie h oGparaBie cbh3h, no- 
3BOJi5HomHe yiiynniaTB bh/jbi cyGBeKTa 
complete-TpHa^Bi Bcex ijhkjiob. 

IIpH npHMCHCHHH I^eJIOCTHO- 
ro complete-no^xo^a b ijenn ijhkjiob 
fle^TejiBHOCTH Bee bh^bi cyGBeKTa 
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complete-TpHa^Bi ^ojdkhbi opraHHHHO 
nepexo^HTB «o/jhh b £pyron», Gbitb, no 
cyra, e^HHBiM i^ejiBiM. E^hhctbo Bcex 
coctouhhh cyGBeKTa complete-Tpna/jBi 
oGecnenHBaeT kor ijcjibhoto Koop^n- 
HaTopa - cooTBeTCTByiomHH oGbckt 
HHCO, a TaK)Ke CTpyKTypa ijejiocTHoro 
no^xo^a [2]. 

CocTaBjieHHe h HcnojiB30BaHHe peraa- 
MeHTa npHMeHeHHa npmmnna nejiocT- 

HOCTH n03B0JIfleT C03OTB H,eJIO CTHO CTB H 
H,ejiBHOCTB Bcex CTpyKTyp h nponeccoB 
JIIOGOH fleHTeJIBHOCTH JSjm KOHKpeTHOH co- 
BOKynHO cth npoGjieMBi, mhcchh, CTpare- 
THH, I^ejien ^eOTeJIBHOCTH MHHHCtftepBI (b 
t.h. h ijejioro). 

npH 3TOM OAHOH H3 Ba5KHCHHIHX 
nBjraeTcn 3a^ana pa3BHTmi 3HaHHH, yMe- 
HHH H HaBBIKOB IjeJIOCTHOTO (CHCTCM- 
hoto, b nacTHOM cjiynae) MBinuieHnu h 
npaKTHKH cneijuajincTa. J\jik pemeHHH 
3TOH npoGjieMBi CtflOpMyjIHpOBaH npHH- 
I^Hn H,eJIOCTHOCTH MBIIHJieHHil H npaKTH- 
KH cneipiajincTa [4]. 

M05KH0 nOCTaBHTB yCJIOBH^ Me- 
Hee 5KecTKne, neM ycjiOBHe cootbct- 
ctbhji MHHHC({)epBi mo^cjih complete- 
TpHa^ti, - ycjiOBHA «Gojiee npocTon» 
TpHa^ti. Tooa mojkho nepeHTH k 
npHHI^Hny CHCTeMHOCTH, a TaK5Ke 
npHHI^HnaM I^eJIO CTHO CTH TeXHOJIOTHH 
H H,eJIO CTHO CTH MO^eJICH, OK K HaCT- 
hbim cjiyna^M nojiyHeHHoro IIpHHi^H- 
na i^ejio ctho cth. B ^pyrnx cjiynaax, 
HcnojiB3y5i coBOKynHBie bo3mo)khocth 
CHCTeM, TeXHOJIOTHH H MO^eJICH Ha 
ocHOBe nojiyneHHBix 3^ecB pe3yjiBTa- 
tob mo5kho c(])opMyjiHpOBaTB, Hanp., 
ripHHH,Hn H^eJIO CTHO CTH HHHOBai^HH, 

ripHHH,Hn H,eno ctho cth caMOonpe^e- 
jieHH^ nejiOBeo, ok jihhhocth h ^py- 
rne nacTHBie npHHi^HnBi i^cjiocthocth 
AJ ia pa3JIHHHBIX npHMCHCHHH B TeOpHH 
h npaKTHKe ^catcjibhocth [1,3,4]. 
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CALCULATION SCHEME OF 
DETERMINATION OF THE CRANK’S 
RADIUS AND BUILDING THE PROFILE 
OF THE BEAM’S SWIVEL HEAD 

S.S. Ussupov 1 , Doctor of Technical sciences, Associate 
Professor 

T.O. Seyidaliyev 2 , Engineer 
Kazakh-British Technical University, Kazakhstan 1 
Kazakh Head Academy of Architecture and Construction, 
Kazakhstan 2 

On the basis of the developed motion models of beam-pumping 
units’ components authors defined estimated parameters, developed a 
scheme, determined the main requirements for the beam’s swivel head 
profile. 

Keywords: rocker-machine, beam, crank, model, design scheme 
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P a3pa6oTKa MOfleneii /jBHnceHHn 3Be- 
m>eB CTaHKOB - KananoK h onpe^ene- 
Hne pacneTHBix napaMeTpOB nocne^mix 
TpedyeT codnio/feHHn odn3aTeni>Horo 
TpedoBamm: BbidopOM pa/piyca KpHBO- 
mnnoB ^onncHa odecnemiBan>cn 3a#aH- 
Han ^jiHHa xo^a [1,2,3,4,5,6,7,8,9,10]. 

CodmoAemie 3Toro TpedoBamra #nn 
CTaHKOB— KananoK co cxeMoii a odecne- 
HHBaeTca ^ocTaTOHHO npocTo: pa^nyc 
KpHBomnna npHHHMaeTcn paBHbiM no- 
noBHHe ^jihhbi xo^a mapHHpa rnaTyHa 
Ha 3a^HeM nnene danaHCHpa, cootbct- 
CTByiomeH h nponopifHOHajiBHoh ajihhc 
xona KaHaTHOH no/fBecKH. J\jm ctbhkob— 

KananoK co cxeMaMH 6 n e 3to TpedoBa- 
HHe BtmonmieTcn npn yicnaflKe b onop- 
HO-HanpaBjiHiomHH ncenod npotjmnbHoii 
ronoBKH Ha 3a^HeM nnene danaHCHpa h 
cxo^e c 3Toro ncenoda b tchchhc ifHKjia 
padoTbi ^jihhbi Ayrn rndKOH cb«3h (xa- 
HaTa hjih jichtbi), odecnenHBaiomeH no- 
BOpOT danaHCHpa Ha yron, cooTBeTCTBy- 
lOmHH £JIHHe XO^a KaHaTHOH no^BecKH. 

PacneTHan cxeMa onpefleneHmi pa- 
AHyca KpHBomHna, cooTBeTCTByiomero 
3TOMy ycnoBHio, npe^CTaBjieHa Ha pn- 
cyHKe 1 . Ha cxeMe H3odpa>xeH danaHCHp 
c tojiobkoh Ha ero 3a^HeM nnene b #Byx 
KpahHHx nononceHHnx, cooTBeTCTBy- 
loiipix pacnono}KeHHK) KpHBomHna no 
pa^nycaM ,I(B h ^[B r TpaeKTOpnn map- 
HHpa KpenjieHHfl maTyHa Ha KpuBomnne 
npe^CTaBjieHa OKpyncHOCTtio c ijeHTpoM 
J\ h pa/jnycoM KpHBomHna R Kp . nononce- 
Hne maTyHa h rndKOH cbh3h maTyHa c 
danaHCHpOM cooTBeTCTByeT jihhhh AB 
- b KpaimeM BepxHeM nononcemiH npa- 
Boro nnena danaHCHpa h nmmu A 1 C 1 B 1 


W 621.9.06 

PACHETHAn CXEMA OnPE/JEnEHHH 
PA^HYCA KPHBOmHnA H 
nocTPOEHHE npooHnn 
nOBOPOTHOH ronoBKH EAnAHCHPA 

YcynoB C.C. 1 , £-p tcxh. Hayx, aoiicht 
CeH^anneB T.O., HHnceHep 2 

Ka3aXCTaHCK0-EpHTaHCKHH TeXHHHeCKHH yHHBepCHTCT, 
Ka3axcTaH' 

Ka3axcxan ronoBHan apxHTeKTypHO-CTpOHTenbHan axaneMna, 
Ka3axcTaH 2 

Ha ocHOBe pa 3 padoTaHHBix Monenen aBiDKeHHfl 3 Bem>eB ctcIhkob- 
KauajiOK onpeneneHbi pacneTHtie napaMeTpbi, pa 3 padoTaHa cxeMa, 
ycTaHOBjieHbi ochobhbic TpedoBamra nocTpoemra npo^nna tojiobkh 
danaHCHpa. 

KmoneBbie cnoea: CTaHOK-KauanKa, danaHCHp, KpHBomnn, mo- 
nent, pacueTHan cxeMa 

YHaCTHHKH KOH(J)epeHUHH 



AB=AE+2R 


Phc. 1. CxeMa onpeAenemra 
pa^wyca KpHBomnna 

- b KpaiiHeM HH5KHeM nononceHHH 3Toro 
nnena. JlHHHn ifempoB cenemiii KaHaTa 
Ha ero ynacTice, orndaiomeM ronoBKy Ha 
3a^HeM nnene danaHCHpa, OTodpanceHa 
^yroii OKpyncHO cth A 1 C 1 flnHHoii l d c 
ifeHTpOM K^K), ueHTpanEHEiM yrnoM a d 
h pa^nycoM R^. 

CornacHO 3 toh cxeMe, b KpaiiHeM 
BepxHeM nononceHHH npaBoro nnena 
danaHCHpa, HMeiomeM mccto npn pac- 
nono5KeHHH rndKOH cbji 3 h h maTyHa no 
npnMoii AB, npoxo/pmjeii nepe3 ijemp 
BpameHHn KpHBomHna D, 


tohkoh A cdera c ronoBKH 3a^Hero nne- 
na h tohkoh E nepeceneHHn TpaeKTOpHH 
mapHHpa KpenneHHn maTyHa Ha KpHBO- 
imine. 

Tax Kax npn noBOpOTe danaHCHpa 
cyMMapHan flnHHa rndKoii CBn3H h ma- 
TyHa coxpaHneTcn, to 

AB=A 1 B 1 (2) 

0/fHaico, b KpaiiHeM hh5khcm nono- 
nceHHH npaBoro nnena danaHCHpa 

a 1 B 1 =A 1 C 1 +C 1 B=C 1 B 1 + i d . 

Hcxonn H3 3Toro, nonyuHM 
CB=AR-/=AB-/=AE+2R -/ (3) 

11 llo O Kpd v/ 

h 2 R = C.B -AE+ / 

xp 1 1 d 

nnn, nocne npudaBnemm k C ] B l h 
AE o/jHHaKOBoii BenHHHHbi R r , 
2R p AC | B + R [;p )-(AE+R p ;+/=C,A- 
Afl+z, 

Ha ocHOBaHHH 3Toro, nonynaeM: 

d _ C\D - AD + l d 

^KP — ^ > (4) 

rne nnHHa nyru KaHaTa Ha ronoBKe 
3a^Hero nnena danaHCHpa 

180° (5) 


L = k • R a 


( 1 ) 


r^e AE - flnHHa ynacTKa rndKOH CBn- 
3 H h maTyHa, pacnono 5 KeHHbix Menyjy 


Yron a a onpe^enneTcn rpa(J)HHecKH 
npOBe^CHHeM H 3 ifeHTpOB a yrn K h 
b ee KpahHHx nono)KeHHnx nepneH^HKy- 
nnpOB KA h k KacaTentHBiM ^A h 

AC,. 

nocne 3 a^aHHn KOOp^HHaT pacnono- 
nceHHn ifeHTpa BpameHHn KpHBonmna 
otho CHTentHO ifeHTpa O KanaHHn da- 
naHCHpa no ropH 30 HTanH h no BepTHKa- 
nn, pa^nyca R^, KOOp^HHaT tohkh S ot- 
ho CHTentHO tohkh O (B^om> danaHCHpa 
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h nepneHflHKyjiiipHO 6ajiaHCHpy) h yraa 
P, onpe^ejimoTcn rpa(j)HHecKH OTpe3KH 
A^D, hCj/( Rim KpaHHHx noji05KeHHH 6a- 
jiaHCHpa h yron a , h no (jiopMyjiaM (4) H 
(5) BBIHHCJIHeTCH R . 

Pa^nycbi KpHBomnnoB nccjie^ye- 
mbix CTamcoB— KananoK co cxeMaMH 6 n 
e onpe^ejieHBi no 3 toh MeTO^HKe. IIo- 
BopOTHaa rojiOBKa, ycTaHaBjinBaeMaa 
Ha nepe^HeM nnene CTaHKa— KanajiKH co 
cxeMon e , ocymecTBjiaeT cjiomioe ^bh- 
}KeHHe, OAHOBpeMeHHBIMH COCTaBJBHO- 
qHMH KOTOpOrO HBJHHOTCH: 

B03BpaTH0-n0B0p0TH0e ^BH5KeHHe 
rojiOBKH BOKpyr ijenrpa ee Bpamemra, 
pacnojioiKeHHoro Ha 6ajiaHcnpe; 

nepeHOCHoe nepeMememie b pe3yjn>- 
Tare B03BpaTH0-n0B0p0TH0r0 /jBH^eHHn 
ijempa BpameHna tojiobkh, pacnojio- 
}KeHHoro Ha 6ajiaHCHpe, BOKpyr ijenrpa 
KanaHHa 6ajiaHCHpa. 

06e cocTaBjunomne Hepa3pBiBHO 
B3aHMOCBa3aHBi MOK^y co6oh, Tax KaK 
npn noBOpOTe 6ajiaHCHpa othochtcjibho 
iieHTpa ero KanaHHn nponcxojjHT o^ho- 
BpeMeHHBIH nOBOpOT TOJIOBKH C nOMO- 
HJBIO Tarn HiapHHpHOH, 0£HH HiapHHp 
kotopoh 3aKpenneH Ha ronoBKe, a bto- 
poH - ycTaHOBneH Ha Heno^BHraon Kop- 
nycHOH CTOHKe. 

CxeMa nocTpoemra npo(j)Hjni tojiob- 
KH (npO(j)HJHI JIHHHH IjeHTpOB KaHaTOB 
no^BecKH ycTBeBoro niTOKa npn yKjia#- 
xe b onopHO-HanpaBjunomHH }Kejio6) 
npHBeAeHa Ha pncymce 2. 

OCHOBHBIMH Tpe60BaHHHMH K nO- 
CTpOeHHK) npO(J)HJia HBJBIIOTCH: 

1 . npO(|)HJIB AOJHKeH 6 bitb njiaBHBIM, 
HCKJIIOHaiOmHM B03M05KH0CTB CKaHKOB H 
KOJie6aHHH CKOpOCTH KaHaTHOH no^Be- 
ckh, a Taioxe CMemeHHn b pa^najiBHOM 
HanpaBjieHHH, cnoco6Horo npHBecTH 
K OTKJIOHCHHK) KaHaTHOH nO^BeCKH OT 
BepTHKajiH h k H3rn6y ycTBeBoro niTOKa. 

2. rpaHHHHaa TOHKa KOHTaKTa Ka- 
HaTOB no^BecKH c ^HHiijeM onopHO-Ha- 
npaBjiniomero 5Kejio6a npn c6ere c ro- 
jiobkh bo BpeMfl onycKaHHn h Ha6eraHH^ 
Ha rojiOBKy bo BpeMn no^BeMa ycTBeBO- 
ro niTOKa, kojiohhbi HiTaHr h njiyH)Ke- 
pa Hacoca ^ojoKHa 6 bitb pacnojio)KeHa 
nocTO^HHO Ha BBicoTe ijenrpa KanaHHn 
6ajiaHCHpa h Ha hoctoiihhom paccTon- 
hhh L ot ijenrpa KanaHHa 6ajiaHCHpa no 
ropH30HTajiH, npHneM pacnojio)KeHHe 
3 toh tohkh b npocTpaHCTBe b npoijecce 

£BH5KeHHH TOJIOBKH £OJI5KHO 6BITB HCH3- 
MeHHBIM. 
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1 - cmouKa; 2 - onopa danaucupa u 6 ajiancup; 

3 - mma mapHupnan; 4 - uiapnup 20J106KU noeopomnou; 5 - 20JioeKa noeoponwaR. 

Phc. 2. CxeMa nocTpoemm iipo(|)ium iiOBopoiiioii tojiobkh 


C yneTOM 3 thx ycjiOBHH, a TaK^ce b 
CBH3H C ^BH5KeHHeM IjeHTpa nOBOpOTa 
rojiOBKH no #yre OKpy}KHOCTH, npo(j)HjiB 
rojiOBKH ^ojDKeH hmctb BHfl ^yrn nepe- 
MeHHoro pa^nyca. 

Rim pacneTa npocjjHjni mojkct 6bitb 
cocTaBjieHa nporpaMMa rjisl II3BM. O/j- 
HaKO, 3Ta pa6oTa HMeeT cmbicji tojibko b 
cjiynae hco6xo^hmocth b co3/jaHHH h 
pacneTe napaMeTpHnecKoro pn/ja CTaH- 
KOB-KanajiOK, OTjiHHaiomHxcn pa3Mepa- 
MH nOBOpOTHBIX TOJIOBOK. IIpH npOCKTH- 
pOBaHHH e^HHHHHOH KOHCTpyKIJHH M05K- 
ho ropa3^o 6BiCTpee peniHTB 3Ty 3a^any 
Tpa(J)HHeCKHM MeTO^OM, KOTOpBIH H 6BIJI 
HcnojiB30BaH b camion pa6oTe. 

rtocTpoeHHe BBinojiHaeTCn nyTeM 
nepeHoca Ha H3o6pa5KeHHe tojiobkh b 
K paHHeM BepxHeM nojio^ceHHH Koop- 
4,HHaT TpaHHHHOH TOHKH C KOHTaKTa 
KaHaTa no^BecKH c 5kcjio6om: h. - otho- 
CHTejiBHO npuMOH D. D., npOBe^eHHOH 
nepe3 mapHHpBi tojiobkh, h /. - othoch- 
TejiBHO i^eHTpa mapHHpa A., no np^Moii 
D. D. - p^a noji05KeHHH 6ajiaHCHpa 
b npe^ejiax yraa ero nOBOpOTa. 

rtocTpoeHHe Be^eTca b cjie^yiomeH 
no cjie^OBarejiBHO cth : 

3a^aiOTC5i BejiHHHHa xo^a (yraa no- 
BOpOTa) nepe^Hero njiena 6ajiaHCHpa h 


ero KpaHHHe BepxHee h HH5KHee nojio- 
5KeHne. 

3a^aiOTca hhcjio h KOOp^HHaTBi npo- 
MOKyTOHHBix noji05KeHHH 6ajiaHCHpa B 
npe^ejiax ero xo^a. 

3. B 3 a#aHHOM MacniTa 6 e H 3 o 6 pa- 
5KaiOTC5i 6 ajiaHCHp 2 c onopon, T^ra 3 h 
npuMan DD c pacnojio^ceHHBiMH Ha Hen 
i^eHTpaMH A h B mapHHpOB tojiobkh no- 
BOpOTHOH B KpaHHeM BepxHeM nojio}Ke- 
hhh 6 ajiaHCHpa h tojiobkh, h Ha bbicotc 
i^eHTpa KanaHH^ 6 ajiaHCHpa O h Ha pac- 
CTOUHHH OT 3TOTO I^eHTpa L no T0pH30H- 
Tajin pacnojiaraeTca TOHKa C hh5khch 
TpaHHI^BI JIHHHH KOHTaKTa nO^BCCKH C 
5 Kejio 6 oM. PaccTO^HHe L, ot KOTOporo 
3aBHCHT BejiHHHHa o 6 ecneHHBaeMoro 
xo^a KaHaTHOH no^BecKH, 3 a^aeTCH opn- 
eHTHpOBOHHO. 

4. EajiaHCHp 2, T^ra 3 h np^Maa DD 
H3o6pa>KaK)Tca b jipyroM nojio^ceHHH, b 
KOTOpOM I^eHTpBI HiapHHpOB A H B 060 - 

3HaneHBi KaK A. h B., a npuMaa DD- D. 
D.. H3 tohkh C k npuMOH D.D., npOBO- 
,zj HTca nepneH^HKyjiap C E.. 

5. OTpe30K npuMOH A.E., ^jihhoh l. 
nepeHOCHTca Ha np^Myio DD, o6pa3yn 
Ha Hen 0Tpe30K AE.. 

6 . OTpe30K C E. pacnoji05KeHHBiH 
nepneHflHKyjiiipHO np^MOH D. D. pac- 


nojiaraeTca tohho Tax >xe nepneH#Hxy- 
jiflpHO np^Moii DD b ee Touxe E, h ero 
BepXHHH KOHei],, o603HaHeHHBIH TOHXOH 
C. o6pa3yeT ncxoMyio Touxy npocjiHjia. 

7. J \ jiji pn/ja cjie,ayiomHx £pyr 3a 
ApyroM nojio)KeHHH 6ajiaHCHpa onn- 
caHHBiM BBirne cnoco6oM onpe^ejia- 
eTCn pacnojio)KeHHe ^pyrnx Touex C. 
IlocjieAHeH xpaimeH moxHefi tohxoh 
b hx pn^y nBjineTCn TOHxa C. KpaHHefi 
BepxHeH tohxoh, nBjineTCn C k nojiyneH- 
Han jxjik xpaimero HH5XHero noji05xeHHn 
6ajiaHCHpa. 

8. riojiyHeHHaa ijem> to Hex C. co- 
e^HH^eTCa njiaBHOH XpHBOH JIHHHeH, xo- 
Topan h npe^CTaBjiaeT co6oh H3o6pa)xe- 
HHe npocjjHjia jihhhh ijempoB ceneHHH 
xaHaTa no^Becxn ycTBeBoro niTOxa. 

9. npOH3BOAHTC^ 3aMep H BBIHHC- 
neHHe, c yneTOM npHmrroro MacniTa6a 

H306pa5XeHH^, ^JIHHBI 3TOH npO(J)HJIBHOH 
jihhhh h conocTaBjieHHe pe3yjiBTaTa c 
3 a#aHHOH ^jihhoh xo^a no^BecxH ycTBe- 
boto niTOxa. Kax npaBHjio, 3 th ^aHHBie 
He coBna^aiOT, t.x. ^jiHHa L 6Bma npH- 
HOTa OpHeHTHpOBOHHO. 

10. BBinojiHaeTCn xoppexTHpOBaHHe 
£JIHH OTpe3Xa L (h, COOTBeTCTBeHHO, 
pacnojio)xeHHa tohxh C), a Tax>xe ajih- 
hbi jihhhh pacnoji05xeHHn Tonex C. ny- 
TeM nponopi^HOHajiBHoro H3MeHeHHn 
pa3MepOB 1., h. h L, HeoGxo^HMoro ajih 
£OCTH 5XeHHH paBCHCTBa £JIHHBI AyrH 

CC K Ha xoTopoii pacnojio)xeHBi tohxh C 
., AJiHHe xo#a no^BecxH ycTBeBoro hito- 
xa. 

11. K nojiyHeHHoii #yre CC k ao- 
GaBjimoTcn: b BepxHeii nacTH 0Tpe30x 
C H C F ^jihhoh (0,35-05)m ^ji^i pa3Me- 
memm (c 3anacoM ^jihhbi) ycTpoficTBa 
xpenjiemui xaHaTa h BHH3y - 0Tpe30x 
jxyrn ajihhoh 0,3 m £jih HCXjHOHeHHn 
xoHTaxTa xaHaTa no/jBecxn c ocTpofi 
xpoMxoii xpan }xejio6a nocjie yxjia#- 
xh Been ^jihhbi xaHaTa, paBHofi ^jihhc 
xo^a xaHaraoH no^Becxn. 

12. C BHyipemieH ctopohbi nojiy- 
HeHHOH TaXHM o6pa30M AyrH CpCj co 
c^bhtom, paBHBiM nojiOBHHe ^HaMeTpa 
xaHaTa no^Becxn, npoHepHHBaeTCJi 3x- 
BH^HCTaHTHan npotjmjiBHaii xpHBaa. 
OHa cooTBeTCTByeT (JjopMe npo(j)HjHi 
onopHoii noBepxHOCTH (^na) 5xejio6a 
fljia yxjia^xH xaHaTa. 

13. IIpHHHMaeTCH THn (HanpHMep, 
HiBejuiep no TOCT 8240 - 72) h pa3Mep 
npoxaTa, H3 xoTOporo 6y#eT H3roTaBjiH- 
BaTBCn )xejio6. 


14. C yneTOM hcoOxo^hmocth H3- 
TOTOBJieHHH 5XeJI06a MeTOAOM THyTBH 
ero 3aroTOBXH Ha onpaBxe, j\jik o6e- 
cneneHHa bo3mo)xhocth onpeflejieHHn 
pa3MepOB h xoHTpojin xoHtjmrypaijHH 
onpaBXH, nponepHHBaeTca npotjmjiB 
}xejio6a, o6pa3yeMBiii ^yraMH oxpy)x- 
hocth, oOecnenHBaiomHH coBna#eHHe, 
6e3 pa^HajiBHBix otxjiohchhh cbbi- 
rne 15 -20 mm, c nojiynemiOH xpHBOH 
yxjia^xn xaHaTa. 

npHBe^eHHan MeTO^Hxa pexoMeH- 
AyeTca Rim nocTpoeHHn npocjjHjia noBO- 
pOTHOH TOJIOBXH ^JI^ JIK)6 bIX 3HaneHHH 
AJihhbi xo^a xaHaTHon no^BecxH. 
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GROWTH DEVICE, CRYSTAL GROWTH AND CHARACTERIZATION OF 

ALEXANDRITE 
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D. Galimov, Candidate of Technical sciences, Postgraduate student 
D. Zherebtsov, Candidate of Chemistry 
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Alexandrite is beryllium aluminate A1203*Be0 doped with minor levels of chromophores, Cr203 being the major one. The engineering 
application of single crystals of synthetic alexandrite is currently limited to active elements of tunable IR-lasers for remote sensing and medicine. 
In the design of the mechanical components of any crystal-growth systems, especially high-temperature systems, there are two basic requirements: 
long-term stability of the dimensions of the heating equipment; and uniform rotary and translational motion of the crystal over a wide speed range. 
Accordingly, it is assumed for the heating system that the heater and internal screens are made of tungsten and the heater is cylindrical. In the 
present work, authors describe a new high-temperature furnace for a crystal-growth system, with new designs of the heater, screens, copper leads, 
and the lid. To eliminate the sealed input, which is the primary source of non-uniform crystal motion, the kinematic system, including the motor, 
is placed in a volume connected to the furnace. 


T o permit ongoing change in 
configuration of the heating system, 
the power-supply system takes the 
following form. Rectangular copper plates 
are pressed against the current lead by pin 
and nut. Two copper rods are screwed into 
the plates, on different sides of the common 
longitudinal axis. A thermocouple junction 
is attached to the upper end of one of the 
rods, for temperature monitoring. Leads 
connected to the top ends of the rods 
carry the voltage signal directly to the 
heater. The 4-mm internal channels in 
rods accommodate grooved tungsten bars, 
which are the power leads of the heater. 
The heater takes the form of a coil (height 
10 mm, diameter 63 mm, with a strip 
thickness of 1 mm. The coil is inserted in 
gaps in the upper part of the bars, to which 
it is soldered by molybdenum. Bars are 
fixed to rods by two M4 bolts. The screen 
system consists mainly of molybdenum 
sheet (thickness 0.2 mm), with upper and 
lower caps, a coaxial cylindrical lateral 
section, upper and lower inserts, and an 
intermediate screen cover. It is possible to 
change the number of constituent sheets, the 
axial temperature gradient may be adjusted 
during crystal growth, without affecting 
the rest of the structure. The first internal 
screen is made of tungsten. The supporting 
components of the screen system are the 
upper and lower plates, made of titanium 
sheet (thickness 1 mm). The screen system 
is mounted on supporting plate by means 
of six rods; plate is mounted on the base 
furnace by means of three rods. The 
heating volume is sufficient to accept a 
molybdenum or tungsten cmcible with 
a diameter up to 55 mm and height up 
to 40 mm. The crucible is mounted on 


a molybdenum table, which is centered 
in the furnace by means of attachment 
to thermocouple tube. The latter is not a 
supporting element; the legs of the table 
are three tungsten bars in bushes, which, 
in turn, are held in intermediate washer 6 
within the central hole of supporting plate. 
The junction of the VR-5/20 thermocouple 
is in direct contact with the bottom of the 
crucible. 

The extension and rotation device 
has a clearly defined function: the 
growth of singe crystals (predominantly 
high-temperature oxides), by a method 
resembling the Kiropoulos method. Single 
crystals may be grown not from melt but 
(formally) from a solution in which the 
solvent is one of the components of the 
compound introduced in quantities slightly 
exceeding stoichiometiy. The Kiropoulos 
method does not provide for extension of 
the crystal. However, experimental results 
show that such extension (at a slow speed, 
around 0. 1-0.5 mm/h), which is one of the 
primary aspects of the Czochralski method, 
permits more massive ciystals to be grown. 

Thus, it is difficult to precisely 
classify the method, which includes 
aspects of the Kiropoulos method (melt), 
the Czochralski method (melt), and the 
flux method (solution). 

Alexandrite is beryllium aluminate 
Al 2 0 3 -Be0 doped with minor levels of 
chromophores, Cr203 being the major one. 
The engineering application of synthetic 
alexandrite single crystals is currently 
limited to active elements of tunable IR 
lasers for remote sensing and medicine. 
The underlying idea of this process is that 
the feed contains an overstoichiometric 
proportion of one component, namely, 
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beryllium oxide (3-6 wt %) or alumina 
(5-6 wt %), with the proper decrease in 
the proportion of the other component. 
Single-crystal seeding was performed at 
temperatures below the phase transition 
inchrysoberyl (about 1853 °C [1]), and 
growth was carried out while temperature 
was depressed below the temperatures 
of the neighboring eutectic (1835°C 
for beryllium-rich feeds and 1850°C 
for alumina-rich feeds). The process 
was worked out for the following two 
compositions, wt %: 75 A1 2 0 3 — -25 BeO,85 
A1 2 0 3 — 15 BeO. Chromium oxide and 
vanadium oxide were added in an excess 
of up to 0.3 and 0.1 wt %, respectively. In 
all experiments, the feed weight was 50 g. 
The cmcible used was molybdenum 26 
mm high and an outer diameter of 47 mm. 

Temperature depression rates during 
crystal growth were 0.5^1 K/h; rotation 
speeds were 1-5 rpm. The feed could 
contain network-forming cations, for 
example, B 3+ or Si 4+ , in the form of 
oxides in proportions of 0.3-0. 5 wt %. 
Alexandrite yields reached 75% of the 
feed weight. 

The use of seed crystals oriented along 
the major crystallographic axes affected 
crystal habit only insignificantly. The only 
exclusion was [100] orientation: crystals 
grown on such seeds frequently had a 
mirrorsmooth upper facet. In our opinion, 
the above-indicated feed compositions are 
optimal. In some experiments, the high- 
temperature phase was grown directly 
from the seed or soon after seeding; its 
growth then stopped, apparently, at the 
transition temperature 1853°C . Further 
temperature depression even induced 
partial dissolution, followed by intensive 
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eutectic solidification on this substrate. In 
the other experiments, the low-temperature 
phase was seeded, but in the form of 
a polycrystal. The mot perfect crystal 
consisted of four twins. Under certain 
conditions, the high-temperature phase 
was seeded in the form of a completely 
clear regular- shaped single crystal with 
hexagonal habit. This stab was pulled 
to heights of 5-10 mm, but a horizontal 
phase-transition interface always appeared 
at these heights. X-ray powder diffraction 
showed only chrysoberyl chrysoberyl, 
without any specific features or foreign 
phases, in samples that experienced the 
transition. 

This work is an embodiment of the 
process for growing bulk alexandrite 
single crystals using resistive heating 
with reduced temperature gradients. We 
have determined the feed compositions 
for stable seeding and growing up a 
single crystal of the low temperature 
alexandrite phase in the range of its 
thermodynamic stability. 

Experiments with the proposed 
crystal-growth system show that the 
furnace ensures long-term stability of the 
geometric dimensions of the thermal unit. 
The extension and rotation unit ensures 
smooth (jerk-free) rotation of the crystal 
at 0.8-10 rpm. The nonuniformity of the 
rotary speed is not observed visually over a 
15-cm radius. The carriage path is 100 mm 
and may be easily increased by changing 
the size of the extension and rotation unit. 
With a maximum carriage speed of 135 
mm/h, no nonuniformity of its motion is 
observed at 100-fold magnification. The 
proposed system is currently in use for the 
growth of alexandrite single ciystals. The 
effectiveness of the system is evident from 
electron-microscope images of etched 
samples obtained on a Jeol JSM-6460 LV 
scanning instrument (Fig. 1). 

The dislocation density in the 
sample is 5.8*1 0 4 cnr 2 , which is in good 
agreement with the literature values of 
10 4 -10 5 cm 2 [2]. 

We have also determined the 
ranges of the major process parameters 
(including crystal rotation speeds and 
cooling rates) that do not cause gas or 
feed melt occlusion. Visually perfect 
single crystals have been grown. 
Combined or separate doping with 
chromophores V 2 0 3 and Cr 2 0 3 yields 
crystals with colors ranging from bright 
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bluish-green (with V 2 0 3 solely) to dark 
red (with Cr 2 0 3 solely). Faceted insets 
of this material demonstrate good color 
inversion from purple-red to green in 
response to a change in light. 
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B o BTopoM TBicaueneTHH nepe# ap- 
XHTeKTypHBIMH HIKOJiaMH MHpa 
B 03 HHKJIH KaK MHHHMyM RBG niodaJIB- 
HBie npodneMBi. nepBan - BHe/jpemie 
«IT» TexHOJiorHH h BTOpan - BxoiK^eHHe 
b MHpoBoe o 6 pa 30 BarejiBHoe npocTpaH- 
ctbo, o 6 o 3 HaueHHoe Eojiohckoh npo- 
rpaMMoii. 

Ha pyde5Ke XX-XXI BeKOB niodajiB- 
HBie npoi^eccBi, b uacTHOCTH, b odpa30- 
BaHHH apXHTeKTOpa 6bIJIH CBH3aHBI CO 
CMeHOH opy^HH Tpyaa MexaHHnecKoro 
- pyuHoro Ha 3JieKTpOHm>ie komhbio- 
TepHBie TeXHOJIOTHH. ApXHTeKTypHBie 
mKOJiBi CIHA nepBBie norouiH 3Hane- 
HHe «IT» h 6e3 KOJiedaHHH nojiHOCTBio 
h decnoBopOTHO nepeBenH odyneroie He 
TOJIBKO apXHTeKTypHOH Cnei^HaJIBHOCTH 
Ha (JlOpMaT «IT» TeXHOJIOTHH. 3to 6biji 
KoJiyMdHHCKHH yHHBepCHTCT B HbK>- 
HopKe, KOTOpBih co3Aan decnpeije^eHT- 
hbih mar He tojibko no BHe^peHHio ho- 
boh TexHOJiorHH odyHemui apxHTeKTyp- 
HOH Cnei^HaJIBHOCTH, HO H no C03£aHHK> 

KOMnBIOTepHBIX npO^yKTOB, MeTO^HK H 
TexHOJiorHH odynemiH. [1] 

B MHpe «IT» TexHOJiorHH okcmh- 
HyTHO npOHCXOJtOT H3MeHeHH^, KOTOpBie 
o6pa3yiOT Bee dojiBinyio nponacTB mok- 
JXy «HOBBIMH» H «CTapBIMH» mKOJiaMH, 
noaTOMy H3yneHHe B03M05KH0CTeii «IT» 
h hx npHMeHeHHe b ynedHOM npoijecce 
npe^CTaBjuieTca o^hoh H3 aKTyajiBHeii- 
hihx h Ba5KHeiiHiHx npodjieM He tojibko 
apXHTeKTypHOH eneipiajiBHOCTH. Ce- 
ro^mi «IT» BBiCTynaiOT : HHCTpyMeHTOM 
BH3y ajiH3 au,HH ; TexmmecKOH 6a3oii npo- 
eKTHoro npoijecca; HHCTpyMeHTOM BHp- 
TyaJIBHOrO MOJteJIHpOBaHHfl, KOTOpBIH 
cnocodeH padoTaTB Ha ctbikc HayK b 


rjIOBAJIBHBIE nPOBJIEMBI 
APXHTEKTYPHOH CnEH,HAJIBHOCTH 
PYBE^A XX-XXI BEKOB 

KucaMeaHH L, KaHjt. apxHTeKTypBi, npocji. 

Ka3axcKaa rojiOBHaa ApxHTeKTypHO-CTpOHTejiBHaa 

AKa^eMH^, Ka3axcTaH 

CTaTta nocBflmeHa aKTyajitHtiM npodjieivraM apXHTeKTypHOH cne- 
unajiBHOCTH b Ka3axcTaHe, b uacTHOCTu b Ka3TACA, n CBimHO 3 to c 

HeodxOJIHMOCTBK) BHejipSHHH HHCflOpMailHOHHblX TCXHOJIOrHH - «IT» H 
BxoHcaeHneM b MHpoBoe o6pa30BaTejitHoe npocTpaHCTBO. 

KjnoneBBie cjiOBa: rjio6ajn>m>ie npodjieMBi, pe^opMHpOBaHne ap- 
xHTeKiypHon cneunajitHOCTH, BHeapemie HH(J)opMan;HOHHi>ix tcxho- 
jiothh - «IT». 

YnacTHHE KOH(J)epeHn,HH, HaunoHajibHoro nepBeHCTBa no HayHHoii aHajiHTHKe, 
OTKpbiToro EBponencKO-A3HaTCKoro nepBeHCTBa no HaynHoii aHajiHTHKe 

o^HOBpeMeHHO ctout #Be npodjieMBi - 
C03£aHne HHiJjpacTpyKTypBi «IT» h pe- 
eypCHoii jiadopaTopHH npn octpom He- 
AOCTaTKe KBaJIH(|)HH,HpOBaHHBIX Ka^pOB, 
Bjia^eiomux «IT» TexHOJiormiMH. 

Cpe^H hobbix flHCi^HnjiHH «IT» - na- 
paMeTpHnecKoe npoeKTHpoBaHne - rkc - 
H,HnjiHHa flonojimnoman (Ha nepBBix 
3Tanax) AHCUHnjiHHy «HanepTaTejiBHaa 
reoMeTpHH», a BnoejieflCTBHH, ee 3aMe- 
Hmoman. Ha 3toh ^HCipinjiHHe aojdkho 
npoxojrHTB odyneHue Bcex mcto^ob h 
npueMOB HepneHH^ KaK b «HanepTa- 
TeJIBHOH reOMeTpHH», TOJIBKO H3BIKOM 
KOMnBiOTepa. B KojiyMdHHCKOM yHH- 
BepCHTeTe, k npHMepy, Hapimy c 3toh 
^HCi^HnjiHHoii cymecTByeT ahciphijih- 
Ha «ApxHTeKiypHoe o6pa30BaHne 60-x 
ro^OB», me roBOpHTCn o ^ncijHnjiHHe 
«HaHepTaTejiBHan reoMeTpmi», no koto- 
pon mbi odynaeM ciyzjeHTOB ro chx nop. 

CoBepmeHHO ohcbh^ho, hto OTene- 
CTBeHHoe apxHTeKTypHoe odpa30BaHne 
He TOTOBO K dBICTpOMy H 3(j)(|)eKTHBHO- 
My nepexo^y Ha ijmjipoBBie TexHOJiorHH, 
maBHBiM odpa30M, noTOMy, hto hct uojx- 
J\e p}KKH flOJDKHOH MarepnajiBHO-Tex- 
HHHeCKOH da3BI. KOMnBIOTepH3HpOBaTB 
BCK) CHCTeMy odpa30BaHH^ H C03£aHHe 
MaTepHaJIBHO-TeXHHHeCKOH da3BI M05KH0 
tojibko Ha ypOBHe Hai^HOHajiBHoii rocy- 
^apCTBeHHOH nOJIHTHKH. HepBBIM npo- 
^yKTHBHBiM maroM no BHe^peHHio «IT» 
Jie)KHT Hepe3 C03#aHHe HHHOBai^HOHHBIX 
jiadopaTOpHH. B OTeHecTBeHHOM By3e 
He xBaTaeT ^eiicTByiomHx JiadopaTOpHH 
CBimHHBix c nporpaMMHpOBaHHeM, Ma- 
KeTHpoBaHneM, HeT i^mJipoBoro odopy- 
^OBaHHa MHpOBoro ypOBHu. HanpHMep, 
B KOJiyMdHHCKOM yHHBepCHTeTe JX HC- 
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npoeKTHpoBaHHH h, BeponTHO, odjia^aeT 

^pyrHMH eme He H3Be#aHHBiMH B03M05K- 
HOCT^MH. 

Ka3axcTaH npHCoejjHHHjicfl k Eojioh- 
CKOMy npoi^eccy c HaMepeHneM H3Me- 
HHTB CHCTeMy 0dpa30BaHHH H npHBeCTH 

ee b eooTBeTCTBne e TpedoBaHH^MH Eo- 
jiOHCKoro npoijecca, me TeopeTHnecKHe 
h npaKTHnecKHe 3HaHHn b apxHTeKType 
Henoepe^CTBeHHO CB^3aHBi e npodjie- 

MaMH 3KOJIOTHH H COBpeMCHHBIMH «IT» 
TeXHOJIOrH^MH. 

Mo^ejiB eBponeiicKoro odpa30Ba- 
hh a, CKjia^BiBaiomerocii no^ «Eojioh- 
ckhm npoi^eeeoM» e 1999r. odpa30Bajia 
TOHKy OTcneTa, KOTOpBih omejiaeT «ho- 
Boe» ot «CTaporo». OTeHecTBeHHoii mo- 
^ejin odpa30BaHHn npH^eTCn KOHKypH- 
pOBaTB Ha MHpOBOM 0dpa30BaTeJIBH0M 
npocTpaHCTBe h Ha ^aHHOM 3Tane Heod- 
xo^hmo BBipadoTaTB CTpaTermo nepexo- 
M Hau,HOHajiBHoro CTaH^apTa odpa30Ba- 
hh« b KaTeropmo jiynmero odpa30BaHH« 
no MHpOBBIM CTaH^apTaM. 

B 3toh cbh3h Ka3axcTaHa Han- 
dojiee aKTyajiBHBiM hbjiuctcii co3^aHHe 
odpa30BaTejiBHoro CTaH^apTa hoboto 
noKOJieHH^, KOTOpoe cnoeodHO ncnojiB- 
30BaTB H C03#aBaTB «IT» TexHOJiorHH, 
dBITB KOHKypeHTHO-enOCOdHOH B COBpe- 
MeHHBIX yCJIOBH^X, npOBO^HTB 3KOJIOrH- 
necKH pai^HOHajiBHoe npoeKTHpoBaHne 
b paMKax roeyaapcTBeHHoii nporpaMMBi 
pa3BHTH3 CTpaHBI. 

noBBimeHne odueMa ahci^hhjihh 
«IT» TexHOJiorHH h (JiopMHpOBaHHe ca- 
moh MeTO^HKH h TexHOJiorHH odyueHHa 
npeACTaBjiaeTca Handojiee aKTyajiBHoii 
npodjieMoii, CTOnmeii nepe^ apxHTeK- 
TypHBIMH By3aMH. M05KH0 CKa3aTB, HTO 


GISAP 

TECHNICAL SCIENCES, CONSTRUCTION AND ARCHITECTURE 


ipinjiHHa apxHTeKTypHoe npoexTHpo- 
BaHHe npOBO/JHTBCil B HHTepaKTHBHOH 
jia6opaTOpHH. MnjiaHCXHH TexHHne- 
ckhh YHHBepCHTeT pacnonaraeT TaxHMH 
jia6opaTopH5iMH xax: aHajiro jjaHHBix 
xapT, nnaHOB ropo^OB, Mo^ejinpoBaHne, 
Me^yHapo^Hoe eoTpyumroecTBO, aHa- 
JIH3 H flHarHOCTHKa rpa^OCTpOHTeJIBHO- 
ro noTempiajia ropo^OB. CTHMyjiHpo- 
BaHHK) MO^epHH3aUHH apxHTexTypHoro 
o6pa30BaHH5i TaK5xe moukqt nocjiy^cHTt 
co3^aHHe rpa(J)HHecKoro ijeHTpa, b xo- 
TOpOM MOryT npOBO^HTBCa BBICTaBOH- 
HBie noKa3aTejiBHBie padoTBi, ceMHHapBi, 
MacTep-KnaccBi, aHHMaijHH, a Tax>xe 
xoHxypCBi, me C03^aeTca bo3mo5xhoctb 
npaxTHnecxoro npHMeHeHHn 3HaHHH h 
H aBBixoB. BHe^peHHe «IT» tcxhojiothh 
BB i3BiBaeT orpOMHoe xojiHnecTBO pa3- 
HorjiacHH co ctopohbi npeACTaBHTejieii 
Tpa^Hi^HOHHoro o6pa30BaHH«. Cnop o 
npeHMymecTBax pyuHOH tcxhhxh bo 
B ceM MHpe ^aBHO ycTapen, coBepmeH- 
ho oneBH^HO, hto eero^mi apxHTexrypy 
TBOp^T He pyxaMH, a eo3£aiOT pa3yMOM 
- HHTejuiexTOM nejiOBexa h ManiHHBi, a 
OCymeCTBJiaiOT CTpOHTeJIBCTBO BBICOXHe 
TeXHOJIOrHH. ApXHTeXTOp 3TO HeJIOBeX 
HayxH h HexyceTBa, ho 3to b nponuiOM, 
b apxHTexType ecjiopMHpoBajiacB Tpe- 
tbh BeTBB, o6pa3yK>man apxHTexTopa 


- BeTBB TexHOJiorHH, ceroAHn apXHTeX- 
TOp 3TO Cnei^HaJIHCT, BJia^eiOH^HH XOM- 
nBiOTepHBiMH nporpaMMaMH. Be3 Tex- 
HOJiorHH, xoMnBiOTepOB, coBpeMeHHoro 
odopyaoBaHHn, apxHTexTypa He HMeeT 
dyaymero. CTaHOBjieHHe apxHTexTopa 
Ha «pyHHOM» 06pa30BaHHH - OCTaJIOCB 
B npOHIJIOM H 3TO Ha#0 npHHUTB. OTCTa- 
BaHHe OT MHpOBBIX TeH^eHIJHH pa3BHTHH 
B o6jiaCTH «IT» TCXHOJIOTHH M05XeT npH- 
BecTH OTeHecTBeHHoe o6pa30BaHHe x 
noTepe HHTepeca, xax co ctopohbi mh- 
pOBoro coo6mecTBa, Tax h co ctopohbi 
nocTynaiomero hoboto noxojieHHu. 

Axxpe/jHTaijmi o6pa30BaTejiBHOH 
nporpaMMBi apxHTexTypHOH eneijH- 
ajiBHOCTH - 6axajiaBpa apxHTexTypBi 
Ka3rACA (hiohb 2011) xomhcchch 
IOHECKO-MCA, b cocTaBe xoTOpoii 
paOoTajiH npeACTaBHTejiH eBponeiicxHx 
hixoji CTpaH HcnaHHH, Pocchh, Hexmi, 
BejiHxo6pHTaHHH, noxa3ajia, b nacTHO- 
cth, hto b rocyaapcTBeHHOM o6pa30- 
BarejiBHOM CTaH^apTe apxHTexTypHOH 
cnei^najiBHOCTH (rOCO) mhoto o6me- 
06pa30BaTeJIBHBIX £HCipttIJIHH, XOTOpBie 
MoryT orpaHHHHTB xoMneTeHHHH apxn- 
TexTOpa. 

TaxHM o6pa30M, mo)xho ccJjopMy- 
jiHpOBaTB cjie^yiomHe bbibo^bi, hto 
BH e^peHHe «IT» b ^hci^hhjihhbi apxn- 


TexTypHOH enei^najiBHOCTH noTpedy- 
K)T H3MeHeHHe TexHOJiorHH odyneHira, 
Mo^epHH3aH,Hio ^HCH,HnjiHH odpa30Ba- 
TejiBHoii nporpaMMBi daxajiaBpa apxn- 
TexTypBi, h, HaxoHei^, jiHdepajiH3aijHio 
roey^apCTBeHHoro OdmeodimTejiBHoro 
CTaH^apTa 06pa30BaHHn b nojiB3y (Jjop- 
MHpoBaHHa apxHTexTopa, Bjia^eiomero 
npO(J)HJIBHBIMH H «IT» 3HaHHHMH. 
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RESEARCH ON THE POWER OF THE FORM OF THE "CITY OF PAIN - PURGATORY" 

ARCHITECTURAL PROJECT 

J. Porvaneckaite-Dageliene, Student 
Vilnius Gediminas Technical University, Lithuania 

With the aim to consciously evoke society's reaction, an architectural object is inserted into the main recreational zone of New York peninsula 
- the Central Park area. Moreover, social and cultural phenomena inspired by the innovative form are discussed. The aim of the article is to analyze 
the process of the form modelling and consequently perform a research of the form power, based on an experimental project carried out by the 
author. The article aims to establish the influence of the volume deficiency formed or shaped in the city’s planning system on the suggestibility of 
the building’s form. In the project concerned, the term volume deficiency is used to describe the stress environment in the city structure, formed on 
the artistic, planning, volume, stylistic, value or historical base, and programming continuity of the above processes after integration of the newly 
proposed object into the environment mentioned. The artistic value of the volume influenced by the stress environment and adapted into it provides 
the characteristic of suggestibility of the object of mass attraction to the form. The form designed in such a space obtains all the characteristic 
features of an architectural sign, the city’s dominant. The form of the "City of pain" project is created as a connective bridge between a narrow 
city system and a large area of artificial recreational space. The building as a sign is formed as a corridor for social provocation and a laboratory 
for the modem society's behaviour. 

Keywords: building as a sign, form, form modelling, transformation, formed and/or shaped deficiency, experiment, process, recreational 
space, relation, suggestibility, power of the form. 
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I ntroduction. The article provides a 
description of the research on the 
power of the form based on a concrete 
architectural experiment, as well as on 
overview, in terms of art criticism, of 
social and cultural phenomena inspired 
by the innovative form. For the purpose 
of provoking and evaluating society’s 
reaction on the issue concerned, the 
architectural object is inserted on the 
draft level into the main recreational zone 
of New York peninsula - the Central Park 
area. The aim of the article is to analyse 
factors determining suggestibility and 
power of the volume, based on a form 
modelling process of the experimental 
project carried out by the author. The 
article offers to analyse a dependency of 
the form of the building as a sign chosen 
for the project on the chosen location 
for the object, as well as to establish its 
determining influence on the power and 
suggestibility of the form. 

According to the author’s data, 
the level of research carried out on the 
problem concerned is insufficient in the 
scientific literature. No mentioning of a 
concrete object or raising a problem is 
observed in the literature on art criticism 
or in that dealing with the problems 
of the object type. The City of pain - 
purgatory designed by the author of 
the article is presented as an innovative 
theme and a pioneering idea. Purgatory 
is a symbol used in studies of art, treated 
in this study as an “intermediate station 
of the person’s existence”. In terms of 
functional attitude, it is a separate block 
for spiritual and psychological support 
- pastoral care for patients in the entire 
mega- structure intended for oncological 


and AIDS patients who cannot live 
without painkillers. The City of pain - 
purgatory architectural project serves 
as the main element of research in this 
article. Its artistic expression of the form 
is hereinafter called the building as a 
sign, whereas its morphological solution 
is used as a means through which the 
mentioned problems are analysed. 

Analysis of the context of the object’s 
location, spaces and their relations, 
performed prior to the project, serves as 
a theoretical base for the project. 

1. Location of the building as a sign: 
formed (or shaped) volume deficiency 
in the city’s planning system. 

Two main problems are raised in this 
part: first, the location of the project draft 
as an unexplored zone or a part of the 
district in the city’s system; the second 
- influence of the proposed project 
solutions on the existing architectural 
code. Location of the experimental 
project is the Central Park territory 
in Manhattan, New York. First of all, 
historical and architectural development 
of the project location, i.e. stages of 
the city planning, scale and relation 
of the existing volumes, are discussed 
in the article. The article provides a 
consideration whether the Central Park 
is formed appropriately with respect to 
the surrounding intensive expansion of 
built environment and a visual volume 
deficiency in this territory caused by it. 
In this article, the author uses the term 
volume deficiency to describe the stress 
environment formed on the artistic, 
planning, volume, stylistic, value or 
historical base. 

Formed (or shaped) volume 


deficiencies in the project location 
selected are indicated and their influence 
on the building as a sign’s form modelling 
levels and layers is evaluated. The article 
describes factors determining the need 
for and appearance of a suggestive 
sculptural form in the unique relation 
of the Central Park and the surrounding 
areas. 

The experimental research starts 
from analysis of the location of the 
object designed and the composition 
of the surrounding spaces, which deals 
with self-other relations of existing 
architectural spaces and the nature of 
their formation. Architectural solutions of 
Manhattan spaces and social phenomena 
influencing them are considered 
additionally. In the research, the author 
follows the statement by Morris Massey 
(1993) that “location is an inseparably 
entwined knot of spaciousness and 
sociability,” thus there is no need for 
them to be separated. “Space is practised, 
a matrix of play, dynamic and interactive, 
its forms and shapes produced through 
the situational performance of self-other 
relations” (Gillian Rose 1999:248). 
Based on the above statement by Massey, 
the City of pain - purgatory project 
includes certain main structures of space, 
related to the models of the socium 
behaviour observed, which in their turn 
“create a generative or reproductional 
social function” (Peponis and Wineman: 
272). Society’s exceptional features can 
be expressed in spatial systems, whereas 
social generation is created by designing 
spaces of the City of pain - purgatory 
and establishing their self-other 
relations. Thus, spatial configurations of 
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Fig.l. “ Cities as emerging models . The morphological logic of Manhattan and 
Barcelona” studio research scheme 
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the City of pain - purgatory project not 
only generate social interaction, but also 
express a social and cultural message. 

The form of the City of pain - 
purgatory does not aim at visually 
adapting to the existing context, yet 
it is in part created by applying the 
mirror principle - through architectural 
artistic means as a response to, as the 
author sees it, a problematic point in 
the city structure. Formed (or shaped) 
volume deficiency in the city system is 
considered the main factor influencing 
design in this project. 

Formed (or shaped) volume 
deficiencies in the Manhattan Central 
Park’s surroundings, identified and 
analysed during this experiment and 
having influence on the article author’s 
solutions, can be discussed in more 
detail. According to the study “ Cities as 
emerging models. The morphological 
logic of Manhattan and Barcelona “ 
by Kinda A1 Sayed, Alasdair Turner 
and Sean Hanna (Fig.l), the author 
calls architectural plan of Manhattan 
an urbanistic 3D logarithm ( the 
process of creation from the object’s 
two dimensional plan to a modelled 
form) with a spatial error determined 
by an early planning stage of the city. 
Manhattan’s Central Park is treated as 
the city’s undeveloped space. In the 
above study on the development of 
Manhattan and Barcelona spaces, the 
Broadway street and the Central Park are 
removed from the New York plan, which, 
according to the author, determine an 
unexplored gap in terms of volume in a 
geometrical city plan. After removing the 
Park space and filling it with an ordinary 
geometrical grid, the structure of spaces 
remains unchanged (Fig.l). Thus, the 
importance of formed (or shaped) 
volume deficiency with respect to the 
city and individual objects, described in 
the article, is correct. Expansion of the 
built environment in the Central Park 
space would not change New York city’s 
planning system. 

The above statement can be 
corroborated also by analysing a 3D 
prospect of the New York City. The 
built environment density efficiency, 
which is called the code of Manhattan 
city structure in the article, means an 
implemented and explored space. Based 
on the statement above, the Central Park 
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imitating a recreational environment is 
considered an empty gap in the city’s 
structure. A relation of built and non- 
built spaces can be considered the 
volume deficiency in the city plan. It 
looks challenging and attracting visually, 
strong enough for a dominant form to 
appear and integrate into encirclement of 
the elements caused by it. 

When it comes to surprises in 
Manhattan’s architectural planning, it 
needs to be mentioned that the system 
of rectangular grid of New York streets 
approved by the general plan on 22 
March 1811 coincides, at the time of 
its designing, with the Central Park 
established in 1857. An evident quarter- 
based plan of built spaces was being 
created together with a free-planning 
subcultural dominant - recreational zone 
of Manhattan. The first paradox lies in 
the dates above, as urbanistic solutions 
of pre-revolutionary period determined 
clear and easily forecast architectural 
development of the city. It is easy 
to notice that this creation imitating 
the period of artificial romanticism 
planning provokes a visual conflict in a 
mathematically calculated and logical 


system (Fig.2). 

In contrast, the location for a 
sculptural form of the building as a sign 
is selected by considering two functional 
trends of the city of pain - purgatory 
theme. First, the need for a visually 
separated zone, yet not alienated from the 
city. Secondly, choice of an unexpected 
space not intended for building and 
expansion. In this experiment, the park 
is treated as the meeting space - a 
target meeting point of flows, with no 
classical division zones, where different 
social layers mix. To create a versatile 
integration of the form and challenge a 
reaction to this insert with the help of 
architectural expression, the meeting 
point of particularly large flows is 
selected. 

1. City of pain - purgatory : the 
building as a sign 

The problem of the patient’s 
integration into an ordinary life, raised 
in the experimental study, is solved 
through an artistic suggestibility and 
organization of the park’s spaces. The 
concept of the project object consists of 
two notional elements - city of pain and 
purgatory. Each of them metaphorically 


passageway 



Fig. 2. Situational scheme of the City of pain - purgatory object 



Fig.3. City of pain - purgatory project architectural expression. 


describes a different segment of the 
project. The concept of the city can be 
treated in two ways: as an urbanised part 
of antropogenic environment, or, in this 
case, as a concentration of necessary 
functional knots in one point (Fig.3). 
The title of city of pain defines a new 
functional type of the building created 
in the experimental project. A module 
of hospital - pain clinic is multiplied 
and designed into the city-inside-the city 
structure, considering a large volume 
of New York scale. The manifest of 
this model of experimental type is an 
integrational laboratory in an ordinary 
recreational surrounding. A mega- 
structure is offered, i.e. the city with its 
own system for providing service and 
allowing existence, somewhat limiting 
itself from the external world visually. 
The aim of the research is to create 
a stable autonomous polar point, the 
place of attraction for incurable patients, 
without retracting them from the city’s 
social and physical structure. 

The aim is to challenge a discussion 
and society’s reaction to the problem 
raised with the help of the proposed 
architectural form and artistic expression 
of the object. Suggestibility of the form 
- the sign - is an important artistic 
value of the building, having a quality 
to attract people flows, be a connective 
corridor between a narrow city system 
and a large area of artificial recreational 
space (Fig.4). Blending of this type of 
an architectural object into the New 
York structure would accelerate the local 
social development. 


Spatial solution of the building as 
a sign and a new system of flows and 
their trends offered by it reorganize the 
nature of the surrounding environment. 
Corridors of park visitors’ flows, 
designed additionally, would create a 
new occupation program for people 
(Fig.4). The project’s functional solutions 
re-form an ordinary concept of the park 
and supplement its purpose which is 
exceptionally recreational nowadays. 
The study offers a new morphological 
trend for this space’s development. 
Through an artistic expression of the 
form, the City of pain - purgatory creates 
a supplementary function of the Central 
Park - a space for protest. 

2. Power of the form of the building 
as a sign 

The development of the model of 
the City of pain - purgatory form passed 
three levels. Constant change during 
formation is the first and the main level 
of the form modelling. Thus, transition 
from one stage of form to another is 
characteristic of the volume formation. 
The form was being created separately 
from the context, therefore its open 
process of creation enabled the volume 
to gain unexpected transformations. 
Sana Murani’s essay “ Re-thinking 
architectural form ” reveals the form 
through the stages which are natural and 
complicated, yet smoothly transiting 
from one level to another, and through 
the course of development (e.g. embryo 
formation, drop’s division into spatter, 
social structures of insect colonies). 

Organization and adaptation of spaces 
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is the second level of form modelling. 
There exist two types of spaces - artificial 
and natural. Manhattan’s architectural 
setting is mentioned in this article as 
an artificially shaped environment. 
The form is generated and adapted 
through perimetrization and simulation 
(imitation, reconstruction) in artificial 
surroundings. 

On the third level, form modelling 
is influenced by concrete elements 
of an artificial surrounding’s context: 
spaces of the Central Park, landscape 
and the current system of flows. In each 
of the volume transformation stages, 
the form is inserted in relation with the 
environment designed. This highlights 
further trends of its variation and aims 
at a recurrent adaptation of the form. 
“There is nothing more important in 
systems than a recurring process of 
adaptation” (Alexander, 2004). Such a 
recurring contact with the environment 
emits new information based on which it 
continues to transform. The city’s formed 
or shaped volume deficiency selected for 
the object’s development has the greatest 
amount of various encoded information 
(historical, artistic, planning, volume, 
stylistic) in itself. According to the 
author, it would be correct to mention 
a geometrical form as a “frame” - 
stopped segment of volume change- in 
different stages of modelling. This is 
how the change of the form from the 
past to the next level of transformation 
is called in this article. Presumably, 
variability is a temporary form by itself. 
The above conclusion is corroborated 
by the statement of Alexander (2004) 
that “the process of form gaining is the 
transformations from moment to moment 
which govern its order in a system”. The 
above statements reveal that the form 
modelled during many stages best adapts 
in the location of a formed volume 
deficiency. 

The volume transformed in several 
levels can be called the process, as well 
as its own product. In other words, the 
form is a relation of spatial structures and 
its result. Physical or moral change of 
the environment (location, composition 
of spaces, society’s habits, culture, etc.) 
since the form’s appearance is called the 
power of form in this article. 

With the help of the form 
suggestibility, the project City of pain - 
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purgatory acts as a global-scale public 
integration place (the problem of the 
point of impact of the park visitors’ 
flows is evaluated and their scheme is 
rearranged on an experimental level). 
The City of pain is formed as a corridor 
for social provocation and a laboratory 
of the modem society’s behaviour. 
Because of the reason above, the author 
suggests evaluating the project’s volume 
and its spatial systems as interactive and 
influencing the environment (city). 

A city is also the whole of forms, 
where society integrates. Moreover, it 
generates the city model. According 
to Sonit Bafna, “social structures are 
inherently spatial, whereas inhabited 
spaces have a fundamentally social 
logic” (Bafna, 2003). Thus, spatial 
stmctures of the City of pain - purgatory 
project experiment can be perceived as 
one of the many sources of the city’s 
generation. 

Conclusions 

1. Formed or shaped volume 
deficiency in the city’s planning system, 
with a potential of causing mutual stress, 
is necessary for modelling the building 
as a sign’s form and for suggestibility. 

In the article concerned, the author 
uses the term volume deficiency to 
describe the stress environment formed 
on the artistic, planning, volume, stylistic, 
value or historical base. The Central Park 
selected for the architectural experiment 
should be treated as “ stress ” necessary 
for the process. The environment selected 
for the research determines a challenging 
visual expression of the object and vice 
versa. The place of the City of pain - 
purgatory is the central location where 
insertion of any sculptural form provokes 
a response and the process of reacting. 

2. The form of the building as a sign 
created during the project is suggestive 
not only in the visual sense, but also in 
the process of modelling. The form of 
the City of pain - purgatory is created 
through many modelling stages and 
in each of them the form is inserted in 
relation with the environment designed. 
This highlights further trends of the 
form’s variation. New York’s formed or 
shaped volume deficiency selected for 
the experimental project development 
has the greatest amount of various 
encoded information in itself. 

3. Physical and moral change of 
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the environment (location, syntax of 
spaces, society’s habits, culture, etc.) 
since the form’s appearance is called 
the power of form. The form of the 
City of pain - purgatory created in the 
stress environment and adapted in it 
increases the stress of the location. 
The stress characteristic of the object 
of mass attraction is provided for the 
volume. Location of the formed or 
shaped volume deficiency programs the 
course of cultural, artistic, social and 
other processes after integration of the 
object into the parcel. The building as 
a sign is formed as a corridor for social 
provocation and a laboratory for the 
modem society’s behaviour. 
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GISAP Championships and Conferences 2015 


Branch of science Dates Stage 

Dates 

Stage 

Event name 

FEBRUARY 

Education and Psychology 

12-17.02 

I 

Problems of quality of knowledge and personal self-actualization in terms of 
social trasformations 

Philological Sciences 

12-17.02 

I 

Development of language systems in the context of accelerated dynamics of 
public relations 

Culturology, Sports and Art History / 
History and Philosophy 

24.02-02.03 

I 

World-outlook aspects of development of the historical process and the 
spiritual culture formation 

MARCH 

Medicine, Pharmaceutics / Biology, 
Veterinary Medicine and Agriculture 

10-16.03 

I 

Modern methods of resistance to the influence of pathogenous factors on the 
person and biospheric processes 

Economics, Law and Management 
/ Sociology, Political and Military 
Sciences 

24-30.03 

I 

The dominant of the humanism principle in modem social concepts and the 
civilized practice of public relations 

APRIL 

Physics, Mathematics and Chemistry / 
Earth and Space Sciences 

14-20.04 

I 

Studying the nature of matter and physical fields in the search for ways of 
the fundamental scientific gnoseology problems solution 

MAY 

Technical Sciences, Construction and 
Architecture 

13-19.05 

I 

Technical progress of mankind in the context of continuous extension of the 
society’s material needs 

JUNE 

Education and Psychology 

04-09.06 

II 

Functions of upbringing and education in conditions of the accelerated 
socialization of the personality in the modem society 

Philological Sciences 

25.06-01.07 

II 

Development of the spoken and written language at the current stage of the 
intensive information turnover 

JULY 

Culturology, Sports and Art History / 
History and Philosophy 

08.07-13.07 

II 

The event-based structure, as well as cognitive, moral and aesthetic contents 
of the historical process 

Medicine, Pharmaceutics / Biology, 

21-27.07 

II 

Life and health of the person through the prism of the development of 

Veterinary Medicine and Agriculture 


medicine, food safety policy and preservation of the biodiversity 

AUGUST 

Economics, Law and Management 
/ Sociology, Political and Military 
Sciences 

05.08-11.08 

II 

Modern trends in the intensive development of public relations and actual 
methods of their effective regulation 

Physics, Mathematics and Chemistry / 

05.08- 

II 

Material objects and their interactions in the focus of modern theoretical 

Earth and Space Sciences 

11.08 


concepts and experimental data 

Technical Sciences, Construction and 

26.08 - 

II 

Peculiarities of development of public production means and material 

Architecture 

31.08 


recourses ensuring the activity of the person in early XXI century 

SEPTEMBER 

Education and Psychology 

15-22.09 

III 

Pressing problems of interpersonal communications in the educational 
process and the social practice 

OCTOBER 



III 

The role of linguistics and verbal communications in the process of 

Philological Sciences 

08-13.10 


informational support of ethnic originality of nations and their progressive 
interaction 

Culturology, Sports and Art History / 
History and Philosophy 

21-27.10 

III 

Factor of ideology and the driving force of human aspirations in the process 
of historical formation of moral and aesthetic culture 

NOVEMBER 

Medicine, Pharmaceutics / Biology, 
Veterinary Medicine and Agriculture 

04-09.11 

III 

Modern features of development of Biological science as factors of solution 
of pressing problems of human survival and the natural environment 

Economics, Law and Management 
/ Sociology, Political and Military 
Sciences 

19-25.11 

III 

Conditions and aims of development of public processes in the context of 
priority of liberal values and respect to moral and cultural traditions 

DECEMBER 

Physics, Mathematics and Chemistry / 
Earth and Space Sciences 

03-08.12 

III 

Innovative approaches to the solution of systemic problems of fundamental 
sciences and matters of practical implementation of innovations 

Technical Sciences, Construction and 
Architecture 


III 

Combination of factors of productivity, efficiency and aesthetics in modem 

16-21.12 


requirements to functions and quality of technical devices and construction 
projects 
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